Features of neighbourhood environments associated with obesity and related health behaviours in children: using multiple statistical approaches to identify obesogenic environments by Van Hulst, Andraea
  
 
Université de Montréal 
 
 
Features of neighbourhood environments associated with obesity and 
related health behaviours in children: using multiple statistical approaches 




Andraea Van Hulst 
 
 
Département de médecine sociale et préventive 




Thèse présentée à l’École de santé publique 
en vue de l’obtention du grade de Philosophiae Doctor (PhD) 
















Contexte: L'obésité chez les jeunes représente aujourd’hui un problème de santé 
publique à l’échelle mondiale. Afin d’identifier des cibles potentielles pour des 
stratégies populationnelles de prévention, les liens entre les caractéristiques du 
voisinage, l’obésité chez les jeunes et les habitudes de vie font de plus en plus l’objet 
d’études. Cependant, la recherche à ce jour comporte plusieurs incohérences. 
 
But: L’objectif général de cette thèse est d’étudier la contribution de différentes 
caractéristiques du voisinage relativement à l’obésité chez les jeunes et les habitudes de 
vie qui y sont associées. Les objectifs spécifiques consistent à: 
1) Examiner les associations entre la présence de différents commerces 
d’alimentation dans les voisinages résidentiels et scolaires des enfants et leurs 
habitudes alimentaires; 
2) Examiner comment l’exposition à certaines caractéristiques du voisinage 
résidentiel détermine l’obésité au niveau familial (chez le jeune, la mère et le père), 
ainsi que l’obésité individuelle pour chaque membre de la famille; 
3) Identifier des combinaisons de facteurs de risque individuels, familiaux et du 
voisinage résidentiel qui prédisent le mieux l’obésité chez les jeunes, et déterminer 
si ces profils de facteurs de risque prédisent aussi un changement dans l’obésité 
après un suivi de deux ans. 
 
Méthodes: Les données proviennent de l’étude QUALITY, une cohorte québécoise de 
630 jeunes, âgés de 8-10 ans au temps 1, avec une histoire d’obésité parentale. Les 
voisinages de 512 participants habitant la Région métropolitaine de Montréal ont été 
caractérisés à l’aide de : 1) données spatiales provenant du recensement et de bases de 
données administratives, calculées pour des zones tampons à partir du réseau routier et 
centrées sur le lieu de la résidence et de l’école; et 2) des observations menées par des 
évaluateurs dans le voisinage résidentiel. Les mesures du voisinage étudiées se 
rapportent aux caractéristiques de l’environnement bâti, social et alimentaire. L’obésité 
 ii 
 
a été estimée aux temps 1 et 2 à l’aide de l’indice de masse corporelle (IMC) calculé à 
partir du poids et de la taille mesurés. Les habitudes alimentaires ont été mesurées au 
temps 1 à l'aide de trois rappels alimentaires. Les analyses effectuées comprennent, 
entres autres, des équations d'estimation généralisées, des régressions multiniveaux et 
des analyses prédictives basées sur des arbres de décision. 
 
Résultats: Les résultats démontrent la présence d’associations avec l’obésité chez les 
jeunes et les habitudes alimentaires pour certaines caractéristiques du voisinage. En 
particulier, la présence de dépanneurs et de restaurants-minutes dans le voisinage 
résidentiel et scolaire est associée avec de moins bonnes habitudes alimentaires. La 
présence accrue de trafic routier, ainsi qu’un faible niveau de prestige et d’urbanisation 
dans le voisinage résidentiel sont associés à l’obésité familiale. Enfin, les résultats 
montrent qu’habiter un voisinage obésogène, caractérisé par une défavorisation 
socioéconomique, la présence de moins de parcs et de plus de dépanneurs, prédit 
l'obésité chez les jeunes lorsque combiné à la présence de facteurs de risque individuels 
et familiaux. 
 
Conclusion: Cette thèse contribue aux écrits sur les voisinages et l’obésité chez les 
jeunes en considérant à la fois l'influence potentielle du voisinage résidentiel et scolaire 
ainsi que l’influence de l’environnement familial, en utilisant des méthodes objectives 
pour caractériser le voisinage et en utilisant des méthodes statistiques novatrices. Les 
résultats appuient en outre la notion que les efforts de prévention de l'obésité doivent 
cibler les multiples facteurs de risque de l'obésité chez les jeunes dans les 
environnements bâtis, sociaux et familiaux de ces jeunes. 
 
Mots clés: alimentation, activité physique, habitudes de vie, enfants, environnement 
alimentaire, environnement bâti, environnement familial, environnement social, étude 





Background: Childhood obesity currently poses a major public health challenge 
worldwide. In an attempt to identify potential targets for population-based prevention 
strategies, neighbourhood environments are increasingly being investigated in relation 
to childhood obesity and its behavioural precursors. However, research to date is 
largely beset by inconsistencies in findings. 
 
Purpose: The overarching goal of this thesis is to investigate the contribution of 
different features of neighbourhood environments in relation to obesity and antecedent 
behaviours in children. Specific objectives are: 
1) To examine associations between children’s residential and school 
neighbourhood food environments and their dietary intake and behaviours;  
2) To examine shared exposure to features of residential neighbourhoods in relation 
to obesity among family triads (child, mother, and father) and among individual 
family members; 
3) To identify specific combinations of individual, familial, and neighbourhood risk 
factors that best predict obesity in children, and determine whether these risk factor 
profiles also predict 2-year changes in obesity. 
 
Methods: Data were drawn from the QUALITY Cohort, a Quebec-based study of 630 
children aged 8-10 years at baseline with a parental history of obesity. Baseline 
residential neighbourhood environments of 512 participants living in the Montreal 
Metropolitan Area were characterised using: 1) geographically linked census and 
administrative data computed for road network buffers centered on the residential and 
school locations; and 2) in-person neighbourhood observations conducted within the 
participants’ residential neighbourhoods. Neighbourhood measures included 
characteristics of the built, social, and food services environments. Obesity was 
determined using the body mass index (BMI) computed from measured weight and 
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height at baseline and at follow up. Diet was measured using three 24-hour diet recalls 
at baseline. Different types of analyses were used including generalised estimating 
equations, multilevel regressions, and recursive partitioning. 
 
Results: Findings point to specific neighbourhood features that are associated with 
childhood obesity and diet. Most notably, increased availability of convenience stores 
and fast food restaurants within residential and school neighbourhoods is associated 
with poorer diets among children. High street-level traffic and low neighbourhood 
prestige and urban development in residential neighbourhoods are associated with 
obesity among family triads. Lastly, findings suggest that obesogenic neighbourhood 
environments characterised by socioeconomic disadvantage, fewer parks, and more 
convenience stores jointly predict childhood obesity within unique combinations of 
individual and familial risk factors.  
 
Conclusion: This thesis contributes to the literature on neighbourhood environments 
and childhood obesity by considering the influences of both residential and school 
neighbourhoods as well as familial environments, by objectively characterising 
neighbourhoods, and by using innovative statistical approaches. Findings furthermore 
support the notion that obesity prevention efforts should target multiple risk factors of 
childhood obesity within the built, social, and family environments of children. 
 
Key words: body mass index, built environment, children, diet, family environment, 
food environment, lifestyle behaviours, neighbourhood, obesity, physical activity, 
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1.1 Childhood obesity: prevalence and consequences 
Over the past 20 to 30 years, the prevalence of overweight and obesity has 
increased worldwide amongst all age groups, particularly in economically developed 
countries (Kelly, Yang, Chen, Reynolds, & He, 2008; Wang & Lobstein, 2006). The 
2007-2008 Canadian Health Measures Survey revealed that close to 1 in 4 Canadian 
adults are obese (24.3%), almost double from the proportion seen in the late 1970’s 
(Shields & Tjepkema, 2006; Shields et al., 2010; Tjepkema, 2006). Among children, 
the most recent Canadian data revealed that 13% of 5 to 11 year olds and 10% of 12 to 
17 year olds are obese (Roberts, Shields, de Groh, Aziz, & Gilbert, 2012). This is a 
significant increase in comparison to the prevalence estimates from the late 1970’s 
when only 3% of children aged 2 to 17 years were found to be obese (Shields, 2006). 
This rising trend in the prevalence of childhood obesity was confirmed in other 
Canadian data (Tremblay et al., 2010; Willms, Tremblay, & Katzmarzyk, 2003). 
Moreover, there appears to be sex differences in obesity prevalence with almost double 
the proportion of boys (15%) compared to girls (8%) currently being obese (Roberts et 
al., 2012). 
 
The rising prevalence of obesity is particularly worrisome among children and 
youth given that childhood obesity has been associated with concurrent biological 
cardiovascular disease (CVD) risk factors, including increased blood pressure, adverse 
changes in plasma lipoproteins, abnormal glucose homeostasis, inflammation, and the 
clustering of these CVD risk factors, which are linked to the acceleration of the 
atherosclerotic disease process in youth (Goran, Ball, & Cruz, 2003). Not only is there 
increasing evidence that childhood obesity is associated with early processes of 
atherosclerosis (Berenson, Srinivasan, & Nicklas, 1998; McGill et al., 2000; Raitakari, 
Juonala, & Viikari, 2005; Williams et al., 2002), childhood obesity has also been found 
to persist into adulthood, such that obese children are more likely to become obese 
adults (Serdula et al., 1993) and develop a range of comorbidities during adulthood, 




Although rising trends in the prevalence of obesity have been reported between 
the 1980’s and the early 2000’s, recent studies have shown that, at least in some 
population subgroups of the United States, both childhood and adult obesity appear to 
have plateaued (Flegal, Carroll, Kit, & Ogden, 2012; Ogden, Carroll, Kit, & Flegal, 
2012). These findings have been confirmed in other economically developed countries 
(Olds et al., 2011) including Canada (Roberts et al., 2012). The latest data from the 
United States even suggest a decrease in obesity prevalence from 2003-2004 to 2011-
2012, but only among children aged 2 to 5 years, where prevalence decreased from 
14% to 8.5% (Ogden, Carroll, Kit, & Flegal, 2014). Although obesity proportions may 
have stabilized or even decreased in some specific population subgroups over the past 
10 years, there is yet to be strong evidence to suggest significant population-wide 
reductions in obesity, despite some public health action and individual interventions 
aimed at reducing the burden of obesity. To this day, obesity continues to exert 
tremendous health, social, and economic burden worldwide (Crawford, Jeffery, Ball, & 
Brug, 2010). 
 
1.2 Risk factors for childhood obesity 
Risk factors for obesity are multifactorial and encompass genetic, biologic, 
behavioural, and sociodemographic factors (Han, Lawlor, & Kimm, 2010). Obesity is a 
complex condition in which a myriad of risk factors interact within and between 
several levels of influence, as has been proposed in the Obesity System Map 
(Foresight, 2007). Although genetic and epigenetic factors have been implicated in the 
development of obesity, the relatively recent and steep increase in prevalence that has 
led to the current obesity epidemic is far more likely to have resulted from non-genetic 
risk factors including behavioural and societal risk factors (Hill & Peters, 1998). The 
most important behaviours associated with the development of obesity are physical 
inactivity and unhealthy diets. According to the 2009-2011 Canadian Health Measures 
Survey, only 7% of 5 to 11 year-olds and 4% of 12 to 17 year-olds met the current 
physical activity guidelines for children to engage in at least 60 minutes of moderate-
to-vigorous physical activity daily (Active Healthy Kids Canada, 2009). Similarly, the 
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2004 Canadian Community Health Survey revealed that 59% of children did not 
consume the recommended number of daily servings of vegetables and fruit, and that 
these children were more likely to be obese compared to those who had five or more 
servings daily (Shields, 2006). According to a more recent Quebec study, 1 in 4 high-
school aged teens consumed at least one serving of sugar-sweetened beverage daily 
(Institut de la statistique du Québec, 2012), a well-supported risk factor for obesity 
(Malik, Schulze, & Hu, 2006). 
 
In addition to individual risk factors, the family-level environment exerts 
important influences in the development of childhood obesity. Obesity related risk 
factors and consequences tend to aggregate within families. It has been well 
established that children are more likely to be obese if their parents are obese (Fuentes, 
Notkola, Shemeikka, Tuomilehto, & Nissinen, 2002; Liu, Chen, Liang, & Wang, 2013; 
Reilly et al., 2005; Whitaker, Wright, Pepe, Seidel, & Dietz, 1997). Although 
similarities in child-parent weight status may be explained in part by genetics, shared 
lifestyle habits and environmental factors are also likely to be implicated (Saelens et 
al., 2012; Silventoinen, Rokholm, Kaprio, & Sorensen, 2010). Because childhood 
obesity does not occur in isolation from parental obesity, risk factors within the 
familial environment must be considered so as to better understand the complex 
etiology of childhood obesity. 
 
1.3 Neighbourhoods and obesity 
Striking differences in obesity prevalence between areas of residence have been 
reported (Bruner, Lawson, Pickett, Boyce, & Janssen, 2008; Grow et al., 2010; 
Veugelers & Fitzgerald, 2005; Willms et al., 2003; Zhang, Onufrak, Holt, & Croft, 
2013). These findings have prompted researchers to investigate links between 
residential neighbourhood environments, obesity, obesity-related health behaviours 
(i.e., physical activity, diet), and cardiometabolic consequences of obesity (i.e., 
hypertension, dyslipidemias, and diabetes) (Black & Macinko, 2008; Dunton, Kaplan, 
Wolch, Jerrett, & Reynolds, 2009; Feng, Glass, Curriero, Stewart, & Schwartz, 2010; 
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Galvez, Pearl, & Yen, 2010; Leal & Chaix, 2011; Papas et al., 2007; Rahman, Cushing, 
& Jackson, 2011; Sallis, Floyd, Rodriguez, & Saelens, 2012). The attention to 
neighbourhood environment characteristics and health further arose from the 
realisation that purely individual-based explanations of causes of diseases were clearly 
insufficient, and that the characteristics of groups and contexts to which people belong 
have profound influences on the distribution of health and disease in populations (Diez 
Roux, 2001). 
 
Specifically in relation to obesity, neighbourhoods and wider political and 
social contexts have been the subject of study in a growing body of literature. The term 
‘obesogenic environment’ has been used to designate environments, such as 
residential, work or school settings that encourage increased energy intake and 
decreased energy expenditure, thereby favouring the development and maintenance of 
obesity (Swinburn, Egger, & Raza, 1999). It has been reasoned that the places where 
people live and conduct their daily activities may offer opportunities or barriers, 
structural and otherwise, that can influence energy balance and subsequent weight gain 
by facilitating maintenance of physical activity and dietary recommendations (Egger & 
Swinburn, 1997; Hill, Wyatt, Reed, & Peters, 2003). As a consequence, one strategy to 
offset the current obesity epidemic may require modifying environments so as to 
encourage and support behaviours associated with healthy weights (Swinburn et al., 
1999). Although there is mounting evidence to suggest that neighbourhood 
environments may influence obesity in children (Dunton et al., 2009; Galvez et al., 
2010; Rahman et al., 2011) and in adults (Mitola, Papas, Le, Fusillo, & Black, 2007; 
Sallis et al., 2012), findings have largely been inconsistent between studies (Feng et al., 
2010). Conceptual and methodological challenges in the study of neighbourhood 
environments and obesity may, at least in part, explain these inconsistencies. While it 
is likely that neighbourhood and wider contextual elements impact obesity, the 
evidence base needed to inform practical public health interventions aimed at creating 




1.4 Thesis objectives and structure 
Given the prevalence and consequences of childhood obesity as well as the 
potential influence of neighbourhood environment factors on obesity and associated 
health behaviours, the overarching goal of this thesis is to ascertain the contribution of 
different features of neighbourhood environments in increasing or decreasing obesity 
and antecedent health behaviours among children. The focus will be on obesity and 
dietary behaviours and the strategy consists of making use of advanced statistical 
methods. Towards this end, this article-based thesis addresses the three following 
specific objectives while employing unique and considered statistical approaches: 
 
1) To determine whether features of residential and school neighbourhood food 
environments are associated with children’s dietary intake and dietary 
behaviours; 
2) To examine associations between attributes of neighbourhood environments 
with obesity among family triads (child, mother, and father) living at the same 
address, and explore whether associations differ between family members; 
3) To determine optimal combinations of individual, familial, and neighbourhood 
environment characteristics that best predict childhood obesity, and to examine 
whether these combinations of characteristics are associated with 2-year 
changes in obesity. 
 
The structure of this thesis is as follows. The second chapter starts by 
introducing the concept of place effects on health and provides a conceptual definition 
of neighbourhoods. Subsequently, a review of methodological considerations related to 
the study of neighbourhoods and health and of obesity and diet measurement issues in 
epidemiologic studies, are presented. This is followed by a section that reviews the 
literature on associations between neighbourhood environment attributes, obesity, and 
diet. Finally, this chapter describes a conceptual framework through which the varying 
levels of influence on obesity, including neighbourhood environments, can be 
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understood, and concludes with a summary of identified research gaps which this 
thesis aims to address. 
 
Chapter 3 provides a detailed description of the methodologies used in this 
thesis. In particular, the QUALITY (Quebec Adipose and Lifestyle Investigation in 
Youth) Cohort and the ancillary studies in which data were collected to characterise the 
residential and school neighbourhood environments of QUALITY participants are 
described. This chapter also presents the statistical analysis methods used in this thesis. 
 
Chapters 4 through 6 each present an empirical manuscript in which results are 
provided to address the specific thesis objectives presented earlier. In the first 
manuscript (Chapter 4), published in the Canadian Journal of Public Health, 
associations between features of residential and school neighbourhood food 
environments and children’s dietary intake and behaviours are examined using logistic 
regressions and generalised estimating equations. The second manuscript (Chapter 5) 
considers how obesity may cluster within families exposed to the same neighbourhood 
environment. Specifically, multilevel logistic regression analysis is used to determine 
whether shared exposure to neighbourhood environment features within family triads 
(children and both biological parents) residing at the same address makes the entire 
family more or less likely to be obese. This manuscript was published in the 
International Journal of Obesity. Lastly, the third manuscript (Chapter 6), currently 
under review, employs a less commonly used statistical method in studies on 
neighbourhoods and health, namely recursive partitioning analysis, which allows for 
the examination of complex nonlinear associations between multiple risk factors for 
obesity. This method is used to generate risk profiles for obesity among children based 
on individual, familial and neighbourhood environment risk factors, which are then 
examined in relation to 2-year changes in obesity. 
 
Finally, Chapter 7 includes a discussion of the thesis’ main research findings 
and contributions, as well as overall limitations and strengths. This is followed by a 
section which highlights the potential implications for public health stemming from 
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this thesis, as well as directions for future research. Overall, this thesis is the product of 
five years of intensive learning, fruitful and stimulating exchanges with friends and 




















There has long been an interest in the potential health impacts of the places 
where people live and conduct their daily activities. As early as 400 BC, in his treatise 
entitled On Airs, Waters, and Places, Hippocrates invoked the notion that 
characteristics of the places where people lived influenced their health. Later, during 
much of the miasma era of the 1800’s, it was believed that the unclean, unsanitary 
environmental conditions in which predominantly poor urban people lived had much to 
do with their poor health. Largely under the influence of Edwin Chadwick in England, 
the so-called Sanitary Movement led to unprecedented government interventions in 
urban environments, notably in the areas of domestic waste disposal and water supply. 
Although the miasma theory of disease causation was later discounted, the resulting 
sanitary reform and 1848 Public Health Act had major impacts on public health 
(Rosen, 1993). 
 
A resurgence of interest in environments appeared many decades later, starting 
in the early 2000’s, when the number of scientific articles linking features of 
neighbourhood environments with health, and particularly neighbourhood built 
environments and obesity, increased dramatically (Rahman et al., 2011). Among these 
publications, several have also focused on behaviours associated with obesity including 
physical inactivity and unhealthy diets (Black & Macinko, 2008; Casey et al., 2011; 
Chaix, 2009; Davison & Lawson, 2006; de Vet, de Ridder, & de Wit, 2011; Diez Roux 
& Mair, 2010; Ding & Gebel, 2012; Ding, Sallis, Kerr, Lee, & Rosenberg, 2011; 
Dunton et al., 2009; Feng et al., 2010; Ferdinand, Sen, Rahurkar, Engler, & 
Menachemi, 2012; Papas et al., 2007; Sallis et al., 2012). This literature has 
contributed to a growing understanding that obesity and associated lifestyle behaviours 
are likely influenced by the contexts in which people live, and has identified promising 
levers for intervention. However, several conceptual and methodological challenges 




To help situate the reader, this chapter starts by providing a conceptual 
definition of the notion of “neighbourhood”. With the proposed definition in mind, I 
then summarize conceptual and methodological considerations, discussed in the 
literature, which are common to all studies on neighbourhoods and health, including 
obesity and associated behaviours. Thirdly, conceptual and operational definitions for 
the measurement of obesity and diet are presented. Building on these methodological 
considerations, a review of the literature on associations between neighbourhood 
environments, obesity, and diet is provided. This is followed by the presentation of a 
conceptual framework that supports the investigation of neighbourhood environments 
in relation to health, namely the social ecological model of health. Finally, a summary 
of gaps in the literature that this thesis will attempt to address through its specific 
objectives is presented. 
 
2.2 A conceptual definition of neighbourhoods 
In the field of urban studies, some authors have defined neighbourhoods as 
purely ecological in nature (e.g., “a physical or geographical entity with specific 
boundaries” (p72) (Golab, 1982)) while others have integrated a social dimension into 
definitions of neighbourhoods (e.g., “geographic units within which certain social 
relationships exist” (p 15) (Downs, 1981)). Although there is no consensus in the field 
of urban studies on how to conceptually define neighbourhoods, most would agree that 
neighbourhoods consist of both a spatial and a social organisation (Galster, 2009). In 
his paper “On the nature of neighbourhoods” Galster (Galster, 2001) defines 
neighbourhoods as a “bundle of spatially based attributes associated with clusters of 
residences, sometimes in conjunction with other land uses” (p 2112). Neighbourhood 
attributes may include infrastructural, demographic, environmental, proximity service, 
political, social-interactive and sentimental characteristics (Galster, 2001). Importantly, 
these attributes are spatially bound such that once a geographic location is specified, 




In this thesis, Galster’s definition of the neighbourhood concept is retained 
(bundle of spatially based attributes). Although his definition focuses on clusters of 
residences, this thesis views neighbourhood attributes as also being associated with 
other types of land uses including schools, workplaces, and other destinations for 
human activities. 
 
2.3 Methodological considerations in studies on 
neighbourhoods and health  
 While conducting my doctoral research and in reading many studies on 
neighbourhoods, obesity, and associated behaviours, I have developed an interest in the 
methodological aspects related to studying the potential effects of places on health. 
Methodological considerations common to most studies on neighbourhoods and 
obesity, and to neighbourhoods and health more generally, include 1) how to 
operationally define neighbourhoods including the spatial scales for which 
neighbourhoods are hypothesised to have an effect on health; 2) which neighbourhood 
attributes to measure and how to measure them; and 3) study design. 
 
2.3.1 Operational definitions of neighbourhoods 
Operationalization of neighbourhood boundaries 
In order to pursue investigations of neighbourhood effects on health outcomes, 
it stands to reason that those very same neighbourhood environments that are 
hypothesised to influence health must be defined. This requires careful consideration 
because a range of methods may be available to operationalize neighbourhoods and the 
selected method may bear on the breadth of exposures and consequently on the 
findings derived therefrom (Bond Huie, 2001). The variability in neighbourhood 
operational definitions may be behind some of the heterogeneity in findings across 




Several methods for defining neighbourhood areas have been proposed and are 
described herein, including subjective (residents’ reports) and objective (fixed 
delimitations, ego-centered areas, and real-time tracking) methods. 
 
Residents’ subjective reports of neighbourhood boundaries consist of asking 
study participants to identify and delimit on a map what, according to them, 
corresponds to the limits of their neighbourhood (Coulton, Korbin, Chan, & Su, 2001). 
This method has been used to define geographic exposure areas in studies on 
residential neighbourhoods and health in children (Hume, Salmon, & Ball, 2005; 
Morrow, 2001). It has been suggested that perceived neighbourhood boundaries may 
provide representations that are more meaningful and closer to residents’ 
representations of neighbourhood constructs compared to objective neighbourhood 
delimitations based on administrative boundaries (e.g., census boundaries) (Burton, 
Price-Spratlen, & Beale Spencer, 1997). Not surprisingly, the subjective nature of 
perceived neighbourhood boundaries implies that neighbourhood definitions may be 
substantially different from one person to another. In fact, subjective neighbourhood 
delimitations have been found to differ even for individuals living in the same building 
(Coulton et al., 2001). Resident-perceived neighbourhood boundaries may also be 
different from objectively experienced neighbourhoods as participants may identify 
what they would like their neighbourhood to be as opposed to what their actual 
geographic exposure areas consist of (Guo & Bhat, 2007). Although both are of 
interest in the study of neighbourhoods and health, different research questions and 
conclusions may be reached with subjective versus objective neighbourhood 
delimitations (Chaix, 2009). Thus, depending on the underlying research questions, 
using subjective resident reports may be more appropriate for investigating perceptions 
rather than ‘actual’ neighbourhood exposures. 
 
With objective methods, the researcher, rather than the resident/respondent 
delimits the geographic area for which neighbourhood attributes are to be measured. 
Traditionally, fixed delimitations based on administrative boundaries have been 
used. These may include census tracts and blocks, postal code areas, and service 
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catchment areas. In most of the earlier studies on neighbourhoods and health, 
administrative boundaries have been used to operationalize neighbourhoods because of 
the relative ease of drawing on existing data available for such boundaries (e.g., census 
data) (Bond Huie, 2001; Diez Roux, 2001). For some research questions and related 
neighbourhood exposure measurement, administrative delimitations may be ideal (e.g., 
health and social services available to the population living within specific 
administrative territories). However, the main weakness associated with this type of 
delimitation is that there is no theoretical foundation for their relation to health and 
health behaviours as they are unlikely to capture neighbourhood exposures as 
experienced by individuals within these boundaries (Chaix, Merlo, & Chauvin, 2005). 
For example, the characteristics of a given census delimitation are potentially less 
adequate in representing the geographic exposure of individuals living near the limits 
of that census tract than for individuals located near the center of the area. As a result, 
associations with health outcomes may be misestimated due to neighbourhood 
environment characteristics not being adequately measured. 
 
An alternative approach is to use ego-centered areas in which neighbourhoods 
are delimited as an zone centered on each individual’s residence and for which the 
boundaries are defined by a given distance threshold from the center (Chaix, 2009). 
Instead of being fixed and mutually exclusive, these boundaries can be thought of as 
‘sliding’ (i.e., moving with the exact location of interest) and overlapping one another 
(Chaix, Merlo, Evans, Leal, & Havard, 2009). Neighbourhoods defined as ego-
centered areas may correspond to circular buffers or to local road network buffers of 
varying sizes (e.g., 500 m, 3 km, etc.) (Oliver, Schuurman, & Hall, 2007). There is no 
agreement in the literature on what might be the most appropriate zone or distance 
from the zone’s center to consider. The relevant type and size of the buffer zone may 
depend on the research question, and notably if the interest is in populations who 
predominantly walk or drive in their exposure to neighbourhood features of interest 
(Ball, Timperio, & Crawford, 2006). However, because they are centered on individual 
residences, ego-centered neighbourhood delimitations are more likely to capture the 
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conditions of the local, typically residential, environment to which individuals are 
exposed to in their daily lives. 
 
Additionally, ego-centered areas can be created for other geographical locations 
than residential addresses such as the school, the work place, or other activity locations 
(Shareck, Kestens, & Frohlich, 2014). Conditions of these other environments can then 
be examined in relation to health outcomes. An advantage for using ego-centered areas 
is that, with a geographic information system, it is relatively straightforward to extract 
neighbourhood indicators for buffers of different sizes centered on different locations, 
thus allowing for sensitivity analyses (Leal & Chaix, 2011). 
 
Yet another method to operationalize neighbourhoods consists of using Global 
Positioning Systems (GPS), which allow for real-time tracking of the places or 
‘destinations’ people regularly go to as well as the routes between these points of 
interest. In recent years, GPS tracking has increasingly been used in neighbourhood 
and health research so as to identify the locations where certain health behaviours are 
more likely to occur (e.g., physical activity in parks) and to test associations between 
characteristics of the geographical locations visited and health behaviours (e.g., types 
of food establishments available at different places visited and dietary intake) 
(Lachowycz, Jones, Page, Wheeler, & Cooper, 2012; Zenk et al., 2011). GPS can be 
used to identify individuals’ exact locations and the time spent at each location. 
Combined with spatial data on physical and social environment characteristics from a 
geographic information system, the use of GPS tracking could overcome difficulties 
associated with identifying true geographic exposure environments, in both residential 
and non-residential areas (Boruff, Nathan, & Nijenstein, 2012; Krenn, Titze, Oja, 
Jones, & Ogilvie, 2011). Indeed, this method provides a comprehensive picture of the 
complex network of people’s activity spaces (i.e., the space within which people move 
about or travel in the course of their daily activities) as well as the routes between these 
activity spaces (Golledge & Stimson, 1996; Perchoux, Chaix, Cummins, & Kestens, 
2013). However, the primary disadvantage of GPS use is the large amounts of data 
generated from which meaningful and useful activity location indicators must be 
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derived in order to be used in studies on neighbourhoods and health (Perchoux, 
Kestens, et al., 2013; Thierry, Chaix, & Kestens, 2013). 
 
Spatial scale in neighbourhood studies 
Aside from methods to operationalize neighbourhoods, the geographic scale for 
which neighbourhood attributes should be measured deserves further attention. It has 
been suggested that geographic areas of different sizes are likely to be relevant for 
different neighbourhood health effects (Diez Roux, 2001). Smaller geographic areas 
may be more relevant for some neighbourhood health effects (e.g., neighbourhood 
safety and walking to school/work) whereas larger geographic areas may be more 
relevant for other neighbourhood health effects (e.g., access to different types of food 
establishments and diet) (Feng et al., 2010). The most relevant geographic scale for 
neighbourhood health effects may also vary according to characteristics of the 
population of interest. For example, children and older adults are generally considered 
to have smaller and fewer activity spaces and may therefore be more influenced by 
their immediate local residential environment compared to young and middle-aged 
adults who may have larger activity spaces (Papas et al., 2007). Similarly, people with 
low incomes may also have smaller and fewer activity spaces due to economic 
constraints, which can affect mobility through limited access to transportation (Papas et 
al., 2007; Shareck et al., 2014). Lastly, size of relevant geographic scales may vary 
according to geographic/environmental factors. For example, residents from rural and 
suburban areas are generally more likely to travel by car resulting in larger areas being 
toured with access to different services and commodities compared to residents from 
urban areas (Timperio, Ball, Roberts, Andrianopoulos, & Crawford, 2009; Veugelers, 
Sithole, Zhang, & Muhajarine, 2008). 
 
In addition to having conceptual implications, the selection of a specific 
neighbourhood size also has statistical implications. When neighbourhoods are selected 
as too large areas, variation within neighbourhoods may be high while variation 
between different neighbourhoods may be low, which may impede detection of 
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neighbourhood effects. (O'Campo, 2003). Statistical methods to select the appropriate 
spatial scale to use in neighbourhood studies have been proposed, including the 
Brown-Forsythe test (Root, 2012). This test identifies the area size within which there 
is enough variance in the outcome of interest for the effect to be detected, yet not too 
much variance which would suggest that the data are local or individualistic. 
 
Although statistical tests may provide some insight with regards to the 
relevancy of different geographic scales, they cannot replace careful thinking on behalf 
of the researcher as to which geographical boundaries are most likely to influence 
health for a given neighbourhood exposure and health outcome in a given population. 
How neighbourhoods are operationalized can greatly influence the results of statistical 
analyses for associations between neighbourhood environment attributes and health 
outcomes (Bond Huie, 2001). This problem is inherent to all spatial analyses and 
relates to the modifiable areal unit problem (MAUP) (Openshaw, 1984) which occurs 
when results differ for the same analysis of spatial data that are aggregated to different 
scales (e.g., 500 m buffers vs. 1 km buffers) or to different areal shapes (e.g., road 
network buffer vs. circular buffer). Notwithstanding issues related to spatial scale and 
zoning, leading authors in research on neighbourhoods and health have stressed the 
importance of using operational definitions of neighbourhoods that best fit the research 
question and even using multiple definitions of neighbourhoods for different 
neighbourhood constructs within the same study since no single definition will suit all 
neighbourhood health processes of interest (Diez Roux, 2001; O'Campo, 2003). 
 
Considering residential and non-residential neighbourhood environments 
Also of importance within the study of neighbourhoods and health are which 
neighbourhood environments to consider. As mentioned previously, individuals are 
likely to be influenced by multiple geographic areas including residential and non-
residential neighbourhoods. Indeed, most people, adults in particular, spend a 
considerable amount of time in other geographic areas than their residential 
neighbourhood (e.g., work, school, friends, leisure activities, etc.) (Chaix, 2009) and 
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only recently has research started to examine influences of non-residential 
environments on health. 
 
For children, the residential neighbourhood may be the main environment of 
exposure (Dunton et al., 2013) with other geographic areas of exposure including the 
school neighbourhood. Studies examining the school neighbourhood environment and 
routes linking residences with schools have reported associations with childhood 
obesity and antecedent behaviours, including associations that differed from those with 
residential neighbourhood environments only (Gilliland et al., 2012; Harrison et al., 
2011; Nelson, Gordon-Larsen, Song, & Popkin, 2006; Xingyou Zhang, Kaufer 
Christoffel, Mason, & Liu, 2006). Considering the ensemble of geographic exposure 
environments from both residential and non-residential environments may limit 
misclassification of individual exposures associated with the consideration of only one 
type of neighbourhood environment (Kwan, 2009). However, thus far, the majority of 
studies on neighbourhoods and health have focused only on exposures from the 
residential neighbourhood environment. 
 
In sum, central to the study of neighbourhood effects on health are 
considerations on how to operationalize the geographic areas of exposure referred to as 
neighbourhoods. Although earlier studies have given less attention to this question, it is 
now increasingly recognised that theoretically relevant geographical areas must be 
identified (Root, 2012), including within residential and non-residential 
neighbourhoods (Chaix, 2009). More importantly, hypotheses underlying how places 
may shape individuals’ health and health behaviours need to be considered so that 
relevant geographic areas can be identified and attributes measured for these areas. 
 
2.3.2 Measurement of neighbourhood environment attributes 
An equally essential methodological consideration in studies on 
neighbourhoods and health consists of the conceptual definition and subsequent 
operationalization of neighbourhood attributes of interest. Several methods have been 
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proposed to capture neighbourhood characteristics including measures obtained 
through residents’ reports, measures derived from administrative and census data 
integrated in a geographic information system, and measures collected through 
systematic neighbourhood audits conducted by trained observers. These 3 methods are 
presented here, and advantages and disadvantages are described, but first, elements 
related to the conceptualisation of neighbourhood attributes are exposed. 
 
Conceptualisation of neighbourhood attributes 
Diez Roux has contributed several seminal papers to the literature on 
neighbourhoods and health (Diez Roux, 2001, 2003, 2007; Diez Roux & Mair, 2010). 
In her work, neighbourhood attributes are conceptualised as originating from two broad 
environmental domains, the physical and the social environment domains (Diez Roux, 
2003). The physical environment includes elements of the natural environment such 
as the weather, noise and air pollution, as well as elements of the built environment. 
The latter comprises all aspects of the physical environment that are constructed or 
modified by humans, including usage of public spaces (urban design), transportation 
systems such as roads, sidewalks and bike lanes, parks and green spaces, availability of 
services such as food, health, and physical activity related, as well as the aesthetic 
quality of the environment (Papas et al., 2007). Elements of the built environment have 
received a great deal of attention in recent years, particularly in relation to obesity and 
physical activity (Rahman et al., 2011). The rationale underlying this interest is the 
modifiable nature of built environments: since they have been designed and 
constructed by humans, it implies that built environments can also be re-designed and 
modified in ways that have the potential to promote healthy lifestyles. 
 
The second neighbourhood environment domain described by Diez Roux 
consists of the social environment also known as the social context or ‘social milieu’ 
(Diez Roux, 2003). The social environment refers to the social processes shared by 
individuals such as interconnections and trust between members of a group, shared 
resources that allow people to act collectively, and norms and values regarding 
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acceptable behaviours (Kaplan, 1999). Attributes of the neighbourhood social 
environment most commonly studied in relation to obesity and associated behaviours 
include neighbourhood insecurity and criminality as well as neighbourhood social 
cohesion and capital (Leal & Chaix, 2011). Because these underlying group-level 
social processes are difficult to measure, area-level socioeconomic status indicators are 
often used as proxy measures of the social environment (O'Campo, 2003; Pickett & 
Pearl, 2001). Area-level socioeconomic status indicators are easily computed using 
aggregated individual-level data on socioeconomic status available from national 
census surveys (e.g., level of education, unemployment, annual household income, 
etc.). 
 
Other more detailed neighbourhood environment dimensions than the 
physical/social environment dichotomy have been proposed. In his theoretical model 
describing the hypothesised processes linking neighbourhood environments with CVD, 
Chaix (Chaix, 2009) identified 4 neighbourhood dimensions that could influence health 
and which have been examined in relation to various CVD risk factors (Chaix et al., 
2010; Leal, Bean, Thomas, & Chaix, 2012; Van Hulst et al., 2012). Most notably, this 
conceptualisation distinguishes the neighbourhood services environment from 
neighbourhood physical/built environment as previously described by Diez Roux. 
The neighbourhood services environment includes elements of the food environment, 
sports and recreation facilities, healthcare resources, other destinations, and 
transportation services. These elements are typically captured as the number and 
density of service destinations or as proximity to different service destinations 
(Charreire et al., 2010). Additionally, within the social environment domain described 
by Diez Roux, Chaix considers 2 types of environments: the neighbourhood 
sociodemographic environment which includes area-level income and level of 
education, ethnic composition, population turnover or stability, and the 
neighbourhood social interactions environment which includes elements of social 
cohesion/capital, social disorder (e.g., criminality level, insecurity), neighbourhood 




Although efforts to conceptualise relations between attributes of neighbourhood 
environment and health are increasing, important work remains to be done. It has been 
suggested that often neighbourhood attributes are examined in relation to health simply 
because specific data are available, without a clear conceptualisation of why and how 
neighbourhood attributes ‘get under the skin’ and shape individual health (Ball et al., 
2006). 
 
Operationalization of neighbourhood environment attributes 
One method to capture neighbourhood environment attributes consists of using 
resident reports in which residents are asked to complete a survey questionnaire with 
items related to the neighbourhood exposures of interest. Several tools have been 
developed for different populations and contexts (Adams et al., 2009; Fone, Farewell, 
& Dunstan, 2006; Mujahid, Diez Roux, Morenoff, & Raghunathan, 2007; Rosenberg et 
al., 2009). However, a limitation of this method is the potential for same-source bias 
which may occur when information on both neighbourhood exposures and health 
outcomes is provided by the same participants (or parents of participants when young 
children are being studied) (Diez Roux, 2007). For example, sedentary participants 
may report having lower access to neighbourhood sports facilities than their more 
active counterparts, irrespective of the actual conditions in the neighbourhood, thus 
potentially leading to spurious associations. 
 
Another limitation of using resident reports relates to the measurement error 
associated with individuals’ perceptions of their neighbourhood characteristics. 
Combining the responses of several residents for each neighbourhood of interest, 
thereby averaging out the associated measurement errors over several individuals, has 
been used to obtain more valid measures of neighbourhood constructs. However, 
because simply aggregating perceptions of residents nested within neighbourhoods 
does not take the multilevel nature of neighbourhood data into account, principles of 
ecometrics have been proposed as yielding more valid aggregated information of the 
assessments of several residents of a given neighbourhood (Raudenbush & Sampson, 
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1999). To do so, three-level random-effect models (questionnaire items for a given 
neighbourhood construct nested within individuals and individuals nested within 
neighbourhoods) are used, with responses to the neighbourhood survey items as model 
outcomes. The estimated neighbourhood-level random effect then serves as a predictor 
variable for the underlying neighbourhood construct to be examined in relation to 
health outcomes. Examples of this method are available in the literature (Chaix et al., 
2011; Mujahid et al., 2007). Resident perceived assessments may be particularly 
appropriate to measure neighbourhood constructs that exist in residents’ perspectives 
and are mostly invisible to an outside observer (e.g., neighbourhood identities and 
stigma) (Chaix, 2009). 
 
A second method to measure neighbourhood attributes consists of making use 
of geographically linked administrative data (e.g., census, land use, business and 
service establishments, etc.). Over the past years, the latter has significantly facilitated 
the characterisation of the built environment (e.g., land use, street connectivity, etc.) as 
well as geographic accessibility of services and resources (e.g., density of, and distance 
to, different types of resources) (Chaix, 2009; Diez Roux, 2007). These data are easily 
aggregated at geographical scales and zones of interest using a geographic information 
system to produce different neighbourhood-level indicators (Matthews, 2012). 
Geographic information system derived indicators allow for objective measurement of 
neighbourhood features that is inexpensive because new data collection is typically not 
required. However, because secondary data collected for other purposes are used, the 
quality of the data may vary or may not be known and features that change frequently 
(e.g., some types of businesses and food establishments) may not be up to date. 
Although georeferenced administrative databases offer excellent potential measures for 
some neighbourhood characteristics (e.g., socio-demographics, land use type, 
availability of services, etc.), they are not well suited for the measurement of 
qualitative aspects of the built environment, as well as elements of the social 




Lastly, systematic neighbourhood audits, which entail sending trained 
observers to visit neighbourhoods and complete a checklist of observable 
neighbourhood characteristics and resources, can be used to measure neighbourhood 
attributes of interest. In recent years, several tools have been developed and validated 
for this method (Gauvin et al., 2005; Paquet, Cargo, Kestens, & Daniel, 2010; Pikora et 
al., 2002; Vernez-Moudon & Lee, 2003; Zenk et al., 2007). When audits are conducted 
by more than one observer within the same neighbourhoods, ecometric methods 
described previously can be used to aggregate multiple observers’ assessments into 
neighbourhood-level variables (checklist items for a given neighbourhood construct 
nested within observers, and observers nested within neighbourhoods) (Gauvin et al., 
2005; Raudenbush & Sampson, 1999). Neighbourhood audits enable objective 
measurement of the quality of environmental characteristics (e.g., whether 
houses/buildings are well maintained) and other street level features usually not 
available from geographically linked administrative data (e.g., presence of traffic-
calming measures and pedestrian aids). Moreover, because trained observers conduct 
neighbourhood audits, measurements are not influenced by residents’ characteristics 
(the neighbourhood composition), as is the case with resident-perceived measures. 
 
However, systematic neighbourhood audits may be less reliable for elements 
that are not consistently observable or for which the meaning may not be clear to an 
‘outsider’. For example, elements often used to describe social disorder may not be 
consistently observable over a given time period (e.g., public drunkenness, litter). 
Other elements may have complex meaning to an outside observer (e.g., loitering) 
(Chaix, 2009). Additionally, systematic neighbourhood auditing requires intensive 
training of observers to reach high inter-observer agreement, and even so, agreement 
may be difficult to obtain for more subjective measurement items (Bird et al., 2012). 
Because on-site in-person neighbourhood audits may require extensive travel time to 
and from neighbourhoods, the use of Google Street View to complete audits has been 
investigated. The latter appears to be both cost-effective and reliable, particularly for 
elements of the built environment (Badland, Opit, Witten, Kearns, & Mavoa, 2010; 
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Rundle, Bader, Richards, Neckerman, & Teitler, 2011), but also for some elements of 
the social environment (Odgers, Caspi, Bates, Sampson, & Moffitt, 2012). 
 
It has been suggested that lower measurement error associated with objective 
measures compared to subjective measures may, in part, explain the more consistent 
findings reported for associations of objectively measured neighbourhood with obesity 
and associated behaviours (Ding et al., 2011). Although it is recognised that resident 
perceived measures, particularly when used with ecometric methods, are highly 
valuable to capture some neighbourhood exposures (e.g., neighbourhood stigma), in 
this thesis, the focus will be on objective measures of neighbourhood environments. 
 
2.3.3 Study design in research on neighbourhoods and health 
From cross-sectional to longitudinal study design 
Thus far, the majority of studies on neighbourhood environments and health 
have been cross-sectional such that neighbourhood exposures are ascertained at the 
same time as health outcomes. These present some limitations, namely in terms of the 
identification of possible causal pathways through which neighbourhoods may 
influence health. Particularly in the case of obesity, which usually takes several years 
to develop, it is much more likely that the cumulative exposure to neighbourhood 
environments over several years relates to the development of obesity. Some cross-
sectional studies have accounted for the duration of residence at their current 
residential address (Powell-Wiley et al., 2013; Sundquist, Winkleby, Ahlen, & 
Johansson, 2004). 
 
In recent years, more longitudinal studies on neighbourhood environments and 
childhood obesity have been published. However, most look at relatively short term 
changes in health outcomes for a given neighbourhood environment (Bell, Wilson, & 
Liu, 2008; Crawford et al., 2010; Ewing, Brownson, & Berrigan, 2006; Gose et al., 
2013; Leung et al., 2011; Timperio et al., 2010). How changes in neighbourhood 
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environments (i.e., moving from one neighbourhood to another or changes within a 
given neighbourhood) relate to changes in health outcomes have rarely been studied 
(Giles-Corti et al., 2013; Jongeneel-Grimen, Droomers, van Oers, Stronks, & Kunst, 
2014; Ludwig et al., 2011; Veitch, Ball, Crawford, Abbott, & Salmon, 2012). 
Neighbourhoods may change slowly or rapidly in response to larger societal processes 
(e.g., economic, demographic changes, etc.) and changing norms and expectations 
(e.g., greater presence of bicycle paths in response to greater use of cycling as a mode 
of transportation) (O'Campo, 2003). Longitudinal data on both neighbourhood 
environment attributes and on individuals (e.g., health outcomes, places of residence, 
duration of residence in each place) are needed to better understand neighbourhood 
health effects (Jongeneel-Grimen et al., 2014). This may be particularly important for 
outcomes such as obesity, which typically develops slowly over several years. 
 
Longitudinal analyses of neighbourhood exposures and health would 
furthermore help to address concerns related to reverse causation (Diez Roux, 2003). 
Commonly cited in the literature is the possibility that individual dietary habits might 
cause different types of food establishments to flourish in different neighbourhoods 
rather than the other way around in which the availability of different types of food 
establishments influence residents’ dietary habits. Longitudinal studies in which 
changes in neighbourhood food environments are examined in relation to changes in 
dietary patterns would address concerns related to reverse causality. 
 
A related concern is that of neighbourhood self-selection bias according to 
which individuals may be selected into different types of neighbourhoods based on 
individual-level characteristics, which may themselves be related to the outcomes of 
interest (Chaix, 2009; Diez Roux, 2003; Zenk et al., 2011). For example, selective 
population migration may occur whereby more active individuals will seek to establish 
themselves into areas where the neighbourhood conditions are more supportive of 
physical activity. As a result, associations between neighbourhood exposures and 
health outcomes may be observed due to the neighbourhood composition 
(characteristics of individuals selected within given neighbourhoods) rather than of the 
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actual neighbourhood context. The problem of self-selection bias (also called selective 
migration bias) can be minimized through appropriate statistical control of individual-
level characteristics that act as confounders in associations of interest (Leal & Chaix, 
2011). However, longitudinal data on neighbourhood exposures and health outcomes 
would help to clarify whether these individual factors act as mediators, confounders, or 
both, in associations of interest, thereby leading to a better understanding of underlying 
processes. 
 
Randomised controlled trials 
In addition to a need for longitudinal study designs, community-based 
randomised trials and neighbourhood intervention studies will further help in the 
identification of neighbourhood health effects (Berkman, 2004). In randomised 
community trials, a neighbourhood-level “treatment”, or intervention, is randomly 
assigned to a random set of communities (Oakes, 2004). Treatments could include 
initiatives targeting the built environment (e.g., increasing the level of greenery, 
implementing street level traffic-calming measures, etc.), the social environment (e.g., 
implementing community policing initiatives), or both (e.g., brining neighbours 
together to bring about change to a desired neighbourhood aspect, for example through 
participatory research). Although randomised community trials are not without 
challenges (e.g., concerns about contamination of the intervention between 
communities, selection of communities to be randomised, etc.), when well conducted, 
they are expected to lead to true measurements of neighbourhood effects (Lemon et al., 
2013; Oakes, 2004). Because randomised community trials may not always be feasible 
or ethical, taking advantage of natural experiments of changes in neighbourhood 
environments and how these translate into changes in health outcomes provide useful 
study designs to further help the identification of neighbourhood effects (i.e., quasi 
experimental study designs). Examples in the literature include consequences on 
physical activity levels following park improvements, increasing street connectivity, or 
residential relocations (Fitzhugh, Bassett, & Evans, 2010; Giles-Corti et al., 2013; 




 In sum, methodological considerations surrounding the study of neighbourhood 
effects on health relate to identifying and operationalizing relevant geographic 
exposure areas for which neighbourhood attributes are measured, ensuring that 
neighbourhood attributes are adequately conceptualised and operationalized, and 
relying on study designs that will get us closer to estimating true neighbourhood 
effects. As will be seen in a later section of this chapter, the often inconsistent findings 
that have been reported in the literature with respect to associations between 
neighbourhood environment attributes, obesity, and diet might be explained, at least in 
part, by methodological challenges described earlier. 
 
2.4 Measurement of obesity and diet in epidemiologic studies 
Methods used to measure obesity and diet are described here. The aim is to 
provide a succinct review of construct definition and methodological considerations for 
health outcomes considered in this thesis within the population of interest, that is, 
obesity in children and in adults, and diet in children. Before describing outcome 
specific methodological considerations in more detail, issues common to the 
measurement of both obesity and diet are briefly mentioned. 
 
In the context of epidemiologic studies, issues to consider when selecting a 
method for the measurement of obesity and diet include the desired degree of 
precision, the cost of administration, the level of subject and staff burden, the method’s 
practicality, and the participants’ age or developmental stage (particularly when 
working with paediatric populations). Another issue relates to the use of objective or 
self-reported outcome measures. As will be discussed in more detail later, assessment 
of diet intake in free-living individuals usually requires some degree of self-reporting, 
although methods based on direct observation and on food photography have been 
developed (Ball, Benjamin, & Ward, 2007; Martin et al., 2012). With regards to 
obesity, self-reported (or parent-reported) measures of weight and height have been 
used extensively to estimate obesity in studies examining associations with 
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neighbourhood environment features (Leal & Chaix, 2011). Yet, it appears that adults 
generally under-report their weight and over-report their height (Connor Gorber, 
Tremblay, Moher, & Gorber, 2007). For children, parents have been found to 
underestimate both weight and height compared to direct measures (Shields, Connor 
Gorber, Janssen, & Tremblay, 2011). This will necessarily result into some degree of 
misclassification in obesity estimates based on the BMI as described in the next 
section. 
 
2.4.1 Measurement of obesity 
The human body is composed of both a fat-free mass, which consists of 
muscles, bones and organs, and a fat mass, which consists of the entire body’s adipose 
tissue. Obesity, also termed excess adiposity, is a condition characterised by an excess 
in the body’s fat mass relative to the total body mass (Flegal & Ogden, 2011; Goran, 
1998). Importantly, it is an excess body fat mass (i.e., obesity), and not an excess in 
total body mass relative to height (i.e., overweight), which has been most strongly 
associated with the development of cardiometabolic diseases in both children (Goran et 
al., 2003) and adults (Bastien, Poirier, Lemieux, & Després, 2014).  
 
Obesity is known to vary according to demographic characteristics including 
age, sex and ethnicity. Sex differences in levels of body fat generally appear during 
puberty with females attaining higher percentages of body fat than males (Hu, 2009). 
Furthermore, some ethnic groups, in particular individuals from South Asian ethnicity, 
have been found to be more sensitive to the cardiometabolic consequences of excess 
body fat and are thus considered obese at a lower percentage of body fat than 
Caucasians (Hu, 2009). 
 
In addition to obesity defined as an excess in total body fat, the distribution of 
fat within the body also has important clinical significance. Excess abdominal visceral 
fat has been associated with increased metabolic risk (e.g., insulin resistance, 
dyslipidemia, increased triglycerides, etc.) irrespective of overall obesity, as measured 
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by the BMI in both children and adults (Bastien et al., 2014; Zimmet et al., 2007). 
Waist circumference can be used as a relatively simple anthropometric measure of 
abdominal obesity. In adults, waist circumference > 102 cm in men and > 88 cm in 
women are used as cut-offs for abdominal obesity (Bastien et al., 2014). In children, 
there is currently no single consistent definition for waist circumference cut-offs 
(Zimmet et al., 2007). However, cut-offs based on age- and sex-specific waist 
circumference percentile curves have been proposed for use in paediatric populations 
(Eisenmann, 2005; Fredriks, van Buuren, Fekkes, Verloove-Vanhorick, & Wit, 2005). 
 
Different approaches to measure obesity 
Direct methods to measure body fat mass and thus obesity are limited (e.g. in 
vivo neutron activation (Mattsson & Thomas, 2006)), but there are several indirect 
methods that have been developed and are used in both clinical and research contexts 
(Goran, 1998). These include anthropometrics (e.g., skinfold thickness), density-based 
methods (e.g., densitometry), scanning methods (e.g., dual-energy x-ray 
absorptiometry, magnetic resonance imaging), and bioelectrical impedance analysis 
methods (Sweeting, 2007). Currently, there is no agreed-upon gold standard for the 
measurement of obesity; although imperfect, dual-energy x-ray absorptiometry has 
frequently been used as criterion reference for the measurement of obesity in children 
(Ellis, Shypailo, Pratt, & Pond, 1994; Goran, Driscoll, Johnson, Nagy, & Hunter, 1996; 
Shypailo, Butte, & Ellis, 2008). 
 
Body mass index as a measure of obesity 
Different measures of weight in relation to height have been proposed to 
estimate overall obesity of which BMI (total body weight in kg divided by height in 
m2) is most widely used for clinical and research purposes. BMI is simple and easy to 
calculate in different settings, and standard procedures for the reliable measurement of 
weight with a calibrated scale and height with a standiometer have been developed 
(Lohman, Roche, & Martorell, 1998; Paradis et al., 2003). Moreover, standardized cut-
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offs to define obesity have been provided for use in both children and adults (Hu, 
2009). 
 
The main limitation of BMI as a measure of obesity is that it does not 
distinguish fat mass from fat-free mass, and has therefore been criticised as an 
imperfect estimate of obesity (Hu, 2009; Prentice & Jebb, 2001). Nevertheless, BMI 
has been found to be moderately to strongly correlated with body fat mass estimated 
with dual energy x-ray absorptiometry and bioelectrical impedance analysis in children 
(Boeke et al., 2013; Eisenmann, Heelan, & Welk, 2004; Hu, 2009). Despite its 
limitations, BMI offers a reasonable measure of obesity in children and in adults 
because of its simplicity in measurement and because of the availability of standard 
cut-offs. 
 
Because BMI is known to vary according to age, sex and ethnicity, the 
significance of a given BMI varies according to these individual characteristics. As a 
result, different cut-offs are used for different population subgroups. Caucasian adults 
are considered obese for BMI ≥ 30 kg/m2 (and overweight for BMI ≥ 25 kg/m2) 
(Expert Panel on the Identification Evaluation and Treatment of Overweight in Adults, 
1998). These cut-offs have been identified based on the associated cardiometabolic risk 
for BMI exceeding these values. 
 
For children, age- and sex-specific percentiles are first computed based on an 
existing reference population distribution of BMIs of which the Centers for Disease 
Control and Prevention (CDC) and the World Health Organisation (WHO) reference 
populations have been most widely used. According to the CDC reference population, 
children aged 2 to 20 years are considered obese if their BMI is ≥ 95th percentile of the 
age- and sex-specific BMI distribution (and overweight for BMI ≥ 85th percentile) 
(Barlow & Dietz, 1998). According to the WHO reference population, children aged 5 
to 19 years are considered obese if their BMI is ≥ 97th percentile of the age- and sex-
specific BMI distribution (and overweight for BMI ≥ 85th percentile) (World Health 
Organisation, 2014). In addition to the CDC and WHO growth references, the 
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International Obesity Task Force (IOTF) proposed a different approach to monitor 
growth in children by extrapolating adult overweight and obesity cut-offs backwards to 
sex- and age-specific cut-offs for children and adolescents (Cole, Bellizzi, Flegal, & 
Dietz, 2000). 
 
Until recently, health professionals in Canada used the CDC reference 
population to monitor growth and obesity in children. In 2010, a statement was issued 
by The Canadian Paediatric Society, in collaboration with the College of Family 
Physicians of Canada, Dieticians of Canada and Community Health Nurses of Canada, 
in support of the use of the WHO growth standards (Secker, 2010). The latter was 
favoured namely because it is based on anthropometric measures from an international 
multiethnic population sample of infants with optimal growth conditions (i.e., 
exclusively breastfed from birth to 4 to 6 months) and because it is based on older data 
that precede the obesity epidemic (World Health Organisation, 2014). The use of one 
BMI-based definition over another will impact obesity prevalence estimates (Shields & 
Tremblay, 2010); however, in terms of clinical significance to detect cardiometabolic 
abnormalities among children, both were found to be similar (Kakinami et al., 2012). 
 
To summarize, for the measurement of obesity in large epidemiological studies, 
BMI is an imperfect yet practical, low cost method, presenting a low burden for 
subjects and staff. BMI provides a reasonable estimate of obesity and thus remains a 
measurement of choice, particularly in large epidemiologic studies, for public health 
surveillance, and for individual clinical assessment (Barlow & Dietz, 1998; 1998). 
 
2.4.2 Measurement of diet 
Because of the complexity of the human diet, and because everyone is exposed 
to foods, measurement of diet in epidemiologic studies poses several challenges 
(Willett, 2008). Different components of the human diet have been studied over the 
past years. Diet intake can be conceptualised in terms of its nutrient content (e.g., fat, 
vitamin D), specific foods (e.g., sugar-sweetened beverages), food groups (e.g., 
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vegetables and fruit, dairy products), or in terms of overall dietary patterns (e.g., the 
Mediterranean Diet) (Willett, 2008). Among studies on neighbourhood environments 
and diet, the majority have focused on associations with intake of specific foods and 
food groups. Analyses of foods consumed have often been based on whether dietary 
recommendations are met, such has those recommended in Canada (Health Canada, 
2007b). 
 
Different methods have been used to measure dietary intake in children. The 
gold standard for measuring total energy intake is doubly labeled water. This method 
provides an objective measure of energy intake but not of nutritional intake. Moreover, 
it is not a practical method for use in large epidemiological studies due to high cost, 
subject burden, and technical and research facilities needed for analysis. This method is 
therefore not discussed in this thesis. Methods described include 24-hour diet recalls, 
food records, and food frequency questionnaires because they are most commonly used 
in epidemiologic studies. Although each has its advantages and disadvantages, the 
choice of one method over another largely depends on the dietary information needed 
to address specific research questions (Freudenheim, 1993).  
 
24-hour diet recalls and food records 
The 24-hour diet recall method consists of a structured interview administered 
by a trained person to the child or parent to generate an exhaustive list of everything 
the child ate or drank over a specified time period, usually the previous day (Burrows, 
Martin, & Collins, 2010). It includes detailed information for all foods, including brand 
names, ingredients for prepared dishes, food preparation methods, and serving sizes. 
The widely used multiple-pass diet recall method starts by obtaining a quick list of all 
foods and beverages consumed, followed by a detailed description review for each 
food and beverage, as well as the use of 2- or 3-dimentional models to assist the 
participant in estimating portion sizes (Johnson, Driscoll, & Goran, 1996). Due to high 
intra-individual variation in diet intake, 24-hour recalls are usually repeated on 
multiple days and averages are computed to obtain usual dietary intake. Food records 
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are similar to 24-hour diet recalls except that they consist of a written record, self-
completed by the participant, of foods and beverages consumed during a specific 
period of time, including details on brand names, preparation methods, and serving size 
(Freudenheim, 1993). 
 
Food frequency questionnaire 
Food frequency questionnaires consist of providing the respondent with a 
detailed list of foods from which to report the frequency of consumption for each food 
over a defined period of time in the past week, month, or year (Freudenheim, 1993). 
With this method, measures of usual dietary intake instead of actual intake are 
obtained. When portion sizes are assessed in addition to frequency of consumption, 
total energy intake can be estimated; if portion sizes are not assessed, existing data on 
average portion sizes for the population being studied can be used to estimate total 
energy intake (Cade, Thompson, Burley, & Warm, 2002). Since usual intake is 
measured, measurements from food frequency questionnaires may be less vulnerable to 
daily variations in dietary intake (Willett, 2008). Food frequency questionnaires are 
frequently used in epidemiological studies because of their lower cost compared to diet 
recalls or food records. Again, because children have difficulty accurately recalling 
past intake, parent administered rather than child administered questionnaires may be 
more valid (Jenner, Neylon, Croft, Beilin, & Vandongen, 1989). 
 
Dietary intake and measurement error 
The methods described above all rely on respondents’ reports and memory. 
Children younger than 8 years cannot accurately recall and report dietary intake; 
however, between the ages of 8 to 12 years, children have been found to be 
increasingly capable of reporting their intakes depending on the assessment method 
used (Burrows et al., 2010). Nevertheless, dietary assessments are prone to recall bias 
and social desirability bias. In most cases, the misreporting of dietary intake results in 
an underestimation of the actual energy intake, particularly among heavier and older 
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children (Forrestal, 2011; Livingstone, Robson, & Wallace, 2004). In a recent review it 
was found that, compared to doubly labeled water, 24-hour diet recalls using the 
multiple-pass method over at least a 3-day period, including at least 1 week day and 1 
weekend day, is the most accurate method to estimate total energy intake in children, 
although this method was associated with some over-reporting of intake (Burrows et 
al., 2010). Largest biases were found to occur in the case of food records; recall bias 
and related misreporting may be minimised when foods and beverages are recorded at 
the time of consumption, although the researcher has little control on this (Forrestal, 
2011). Lastly, food frequency questionnaires with lengthier and more detailed lists of 
foods from which to report usual intake generally showed better validity compared to 
food frequency questionnaires with shorter lists of broad food categories (McPherson, 
Hoelscher, Alexander, Scanlon, & Serdula, 2000). 
 
Dietary behaviours  
Besides dietary intake, research has also focused on dietary behaviours 
associated with obesity including the frequency and timing of snacking, locations 
where foods and beverages are consumed, as well as daily family practises surrounding 
the consumption of foods and beverages. Questionnaires completed by parents and/or 
children have been developed to capture these overall behaviours associated with 
eating (Institut de la statistique du Québec, 2002, 2012). 
 
To summarize, this section described methodological issues common to the 
measurement of obesity and diet, as well outcome specific methodological issues. 
Although there are no perfect measures of obesity and diet, both in terms of 
psychometric properties and in terms of practicality, knowing the methods limitations 




2.5 Neighbourhood attributes: associations with obesity and 
diet 
Building on the methodological considerations related to the study of 
neighbourhoods and health and to the measurement of obesity and diet described 
earlier, I now provide a summary of study findings, limitations and knowledge gaps for 
associations between attributes of neighbourhood environments, obesity, and diet. The 
focus will be on literature pertaining to children and adolescents with some references 
to adults, namely to highlight important conceptual and substantive differences in 
findings. 
 
Since the literature on associations between attributes of neighbourhood 
environments and obesity has grown considerably in the past 15 years, a number of 
review studies, including reviews of review studies (de Vet et al., 2011; Ding & Gebel, 
2012; Safron, Cislak, Gaspar, & Luszczynska, 2011), have been published in recent 
years. Comparatively far fewer studies have been published on dietary intake and 
behaviours, particularly in paediatric populations (Kirk, Penney, & McHugh, 2010). 
Because of the abundance of studies on neighbourhoods and obesity, findings from 
review studies are mostly included in the first section covering neighbourhood 
associations with obesity. For associations with diet presented in section 2.5.2, findings 
from individual studies are reviewed. 
 
2.5.1 Neighbourhoods and obesity 
Most studies available in the literature consider associations between 
neighbourhood environments and overweight, while fewer focus specifically on 
associations with obesity. Others have used BMI or percent fat mass as continuous 
outcomes or have looked at changes in these measures over time. Conceptual and 
operational definitions of overweight and obesity have been described in an earlier 
section. Due to heterogeneity with respect to the definition and measurement of weight 
status between studies reviewed here, the term adiposity will be used to refer to all 
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levels of body fat irrespective of measurement approach. This reduction to a single 
term, although not ideal, is done to facilitate reading and because ultimately all studies 




Elements of the physical or built environment that have been most consistently 
reported to be associated with adiposity include urban sprawl, mixity of land use, and 
level of urbanisation (Black & Macinko, 2008; Feng et al., 2010; Kerr, Frank, Sallis, & 
Chapman, 2007; Leal & Chaix, 2011). Urban sprawl is characterised by the expansion 
of cities into typically low population density suburban areas in which residential and 
non-residential land uses are highly segregated, and where there are few proximity 
destinations. Such environments may be less conducive to active transportation and 
leisure walking, thus decreasing opportunities for physical activity behaviours 
(Saelens, Sallis, & Frank, 2003; Salmon, Salmon, Crawford, Hume, & Timperio, 2007; 
Timperio et al., 2006). With respect to street connectivity specifically, evidence for 
associations with adiposity is mixed among children while more consistent among 
adults (Ding et al., 2011). This could reflect the different functions that streets may 
have in relation to physical activities practiced by children and adults. Street 
connectivity refers to the extent to which routes are direct, often measured as a 
function of the density of street intersections, street block length, and dead-end streets 
within the neighbourhood. For adults, high street connectivity may result in more 
active transportation and lower adiposity because of the ease of walking from place to 
place. For children, highly connected streets may also provide more opportunities for 
active transportations; however, less connected streets with more dead-end streets and 
lower traffic may provide more opportunities for safe active outdoor play resulting in 
lower adiposity. 
 
Other elements of the built environment, such as street level pedestrian aids and 
traffic-calming infrastructures (e.g., zebra crossings, traffic street lights, speed bumps, 
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and lower speed limits) have been understudied in relation to childhood adiposity 
(Ding et al., 2011). There is nevertheless some inconsistent evidence suggesting 
possible associations for street-level pedestrian aids with physical activity and 
adiposity in children (Hume et al., 2009; Sallis & Glanz, 2006; Timperio, Crawford, 
Telford, & Salmon, 2004; Timperio, Salmon, Telford, & Crawford, 2005). 
 
Services and amenities 
In terms of services and amenities available within neighbourhoods, greater 
access to parks, green spaces, playgrounds, and sports and recreational centers has 
been associated with lower adiposity in children, in both cross-sectional (Dunton et al., 
2009; Galvez et al., 2010) and longitudinal studies (Pate et al., 2013). For example, one 
study found that residential neighbourhood acres of park space and number of 
recreational resources were inversely associated with 8-year changes in body mass 
index (BMI) among children and youth, with a stronger effect seen among boys 
compared to girls (Wolch et al., 2011). Similarly, Bell et al. found that a higher level of 
greenness in residential neighbourhoods measured using satellite images was 
associated with a lower likelihood of children increasing their BMI over a 2-year 
period (Bell et al., 2008). These associations are believed to be mediated by physical 
activity: more studies report associations for neighbourhood access to parks, green 
spaces, and sports and recreation centers with physical activity (Ding et al., 2011) and 
active transportation (Pont, Ziviani, Wadley, Bennett, & Abbott, 2009) than with 
adiposity among children. 
 
Others have considered neighbourhood services and amenities related to food 
establishments near children’s residences, such as fast food restaurants, convenience 
stores, supermarkets, and fruit and vegetable stores in relation to adiposity. Overall, 
associations between access to different types of food stores within the residential 
neighbourhood and adiposity are more consistent among adults than among children 
(Black & Macinko, 2008; Feng et al., 2010). In children, greater access to grocery 
stores and supermarkets has been associated with lower adiposity while greater access 
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to fast food restaurants and convenience stores has been associated with higher 
adiposity (Galvez et al., 2010; Pate et al., 2013; Powell, Auld, Chaloupka, O’Malley, & 
Johnston, 2007). In comparison to fast food restaurants and convenience stores, 
grocery stores and supermarkets provide a greater number and a larger variety of 
healthy foods. One longitudinal analysis reported that increased availability of 
convenience stores near girls’ residences was associated with an increase in BMI after 
a 3-year follow up, even after adjusting for family socioeconomic status (Leung et al., 
2011). In contrast, greater access to farmers markets near their residence was 
associated with a lower adiposity at follow up. However, other cross-sectional and 
longitudinal studies reported no associations between access to different types of food 
establishments and adiposity (An & Sturm, 2012; Shier, An, & Sturm, 2012). Elements 
that could explain these inconsistencies include inadequate statistical control for 
confounders, notably both individual and neighbourhood socioeconomic status, the 
need to consider access to food establishments located in non-residential 
neighbourhood environments where children and families spend a great deal of time 
(e.g., school neighbourhood), and the need to consider in-store food availability in 
addition to food establishment type (Farley et al., 2009; Glanz, Sallis, Saelens, & 
Frank, 2005; Y. Kestens et al., 2012). 
 
Area-level socioeconomic characteristics 
In studies on neighbourhoods and health, area-level socioeconomic status is 
predominantly captured using aggregated individual-level data on socioeconomic 
status available from national census surveys, such as average income, proportion of 
people unemployed, or proportion of people living below the poverty level for given 
administrative areas (Pickett & Pearl, 2001). Numerous studies have reported that 
children and adults living in low socioeconomic status neighbourhoods are more likely 
to have higher levels of adiposity, regardless of individual levels of socioeconomic 
status (Carter & Dubois, 2010; Leal & Chaix, 2011; Schreier & Chen, 2013). In their 
study, Grow et al. found that neighbourhood disadvantage as measured by a number of 
census tract socioeconomic status measures explained 24% of the geographic 
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variability in adiposity among children in an urban US county (Grow et al., 2010). 
Data from the Canadian National Longitudinal Survey of Children and Youth revealed 
higher levels of adiposity among children aged 2 to 3 years at baseline and followed up 
8 years later for those living in the poorest neighbourhoods, even after adjusting for 
parental socioeconomic status (Oliver & Hayes, 2008). 
 
Social environment 
Other features of neighbourhood social environments have been considered, 
although less often, as elements that could play a role in childhood obesity (Franzini et 
al., 2009). Feelings of insecurity within one’s neighbourhood have been considered as 
a risk factor for increased adiposity (Carroll-Scott et al., 2013; Cecil-Karb & Grogan-
Kaylor, 2009) and associated health behaviours (Datar, Nicosia, & Shier, 2013; 
Molnar, Gortmaker, Bull, & Buka, 2004). One major limitation is that authors do not 
always distinguish safety from crime and safety from traffic in their measurement of 
neighbourhood-level insecurity, yet different public health strategies are needed to 
address different concerns about safety. Moreover, it is unclear whether it is more 
useful to rely on self-reported (or parent-reported) or objectively measured safety, as 
both may be differently associated with adiposity (Carver, Timperio, & Crawford, 
2008). Objective measure of safety from crime and from traffic include criminality 
data and traffic density data, respectively, aggregated at the neighbourhood-level using 
a geographic information system. Additionally, in-person neighbourhood audits have 
been used to assess observer perceived level of safety (e.g., presence of security bars 
on windows and doors, signs of vandalism, etc.) (Paquet et al., 2010). More studies are 
needed to better understand how the different dimensions of insecurity, measured using 
different approaches, relate to childhood adiposity. 
 
Finally, additional elements of the social environment that have been examined 
in relation to childhood adiposity include measures of collective efficacy, social 
capital, and physical disorder which have generally shown that higher collective 
efficacy and social capital, and lower physical disorder are associated with lower 
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adiposity in children (Cohen, Finch, Bower, & Sastry, 2006; Grafova, 2008; Singh, 
Kogan, & van Dyck, 2008). 
 
2.5.2 Neighbourhoods and diet 
I now turn to associations between neighbourhood attributes and diets, for 
which attributes of the food environment are most conceptually relevant. The food 
environment can be broadly defined to include foods available within homes, those 
available within communities (e.g., neighbourhoods, schools, work places), and those 
available within the media and information environment (e.g., food advertisement) 
(Glanz et al., 2005). Of these different dimensions of the food environment, in-home 
availability and accessibility to foods has been reported as being the strongest 
determinant for children’s diet, particularly for vegetable and fruit intake (Blanchette & 
Brug, 2005; McClain, Chappuis, Nguyen-Rodriguez, Yaroch, & Spruijt-Metz, 2009). 
While children may have limited control over which foods are purchased and how they 
are prepared, it has been proposed that broader neighbourhood availability and 
accessibility to different types of food establishments may influence parental food 
purchasing behaviours, which in turn may influence their children’s diet. As they age 
and increasingly make their own decisions, environments external to the home are 
expected to exert more direct influences on children’s diet.  
 
For the purpose of this thesis, the focus is on access to foods in broader 
contextual neighbourhood environments and not specifically within children’s homes 
because the former offers greater potential as a target for public health strategies. The 
neighbourhood food environment is thus defined to include the different places where 
foods can be purchased within the local geographic areas called neighbourhoods. 
 
Neighbourhood food environment 
The most commonly used method to characterise neighbourhood food 
environments is based on geographically linked data for different types of food 
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establishments available within a delimited area. Indicators that are typically computed 
include diversity and proximity measures (Charreire et al., 2010). Diversity consists of 
a measure of the density of food establishments while proximity consists of the 
distance, usually based on road networks, between the residence and the nearest food 
establishment. Types of food establishments most commonly studied are supermarkets, 
grocery stores and fruit and vegetable stores which are hypothesized to provide access 
to healthier foods including a greater variety of vegetables and fruits (Morland, Diez 
Roux, & Wing, 2006). These are distinguished from convenience stores and fast food 
restaurants which generally offer less healthy foods. 
 
 Overall, findings from studies on the availability of different types of food 
stores within residential neighbourhoods and diet have shown less consistent findings 
in children than in adults (Auchincloss et al., 2013; Larson, Story, & Nelson, 2009). In 
their review of review studies de Vet et al. (de Vet et al., 2011) found no 
neighbourhood-level factors that were consistently associated with diet in children and 
adolescents. Although some studies report associations between access to supermarkets 
and children’s vegetable and fruit intake, other studies report no associations (Pearce, 
Hiscock, Blakely, & Witten, 2008; Skidmore et al., 2010; Timperio et al., 2008). 
Greater access to convenience stores has been found to be associated with lower 
vegetable and fruit intake (Pearce et al., 2008; Timperio et al., 2008), and higher intake 
of sweet/salty snacks (Skidmore et al., 2010), and sugar-sweetened beverages in youth 
(Jennings et al., 2011). Similarly, some (Jennings et al., 2011; Timperio et al., 2008) 
but not all studies  (An & Sturm, 2012; Skidmore et al., 2010; Timperio et al., 2009) 
have reported associations between the availability of fast food restaurants near 
children’s residence and their diets. 
 
Foods available around schools 
Other studies have considered the foods available within the surroundings of 
schools. Children travel to and from school and are thereby exposed, to some extent, to 
the neighbourhood surrounding their school on almost on a daily basis during the 
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academic year. Exposure to the school neighbourhood environment increases as 
children age with secondary school-aged youth generally having more opportunities to 
leave the school grounds to access food establishments in the vicinity (Casey et al., 
2011; Mitola et al., 2007). This may be of concern given that fast food restaurants and 
convenience stores are known to cluster within short distances from schools (Gebauer 
& Laska, 2011; Y Kestens & Daniel, 2010). However, due to the dearth of studies on 
school neighbourhood food environments and children’s diet it is not clear to what 
extent it influences children’s diet (Rahman et al., 2011; Timperio et al., 2009; 
Wasserman et al., 2014). 
 
In sum, given the conflicting results presented in the above literature review, 
there is a need to clarify the associations of neighbourhood environments attributes 
with childhood obesity and diet. To date, there is only a small body of evidence 
supporting associations between specific neighbourhood environments attributes, 
obesity, and diet in children. Yet, stronger evidence would enhance the implementation 
of public health strategies, targeted towards children and their family, to combat 
obesogenic neighbourhood environment (Huybrechts, De Bourdeaudhuij, & De 
Henauw, 2010). Inconsistencies in findings may, to some extent, be related to 
methodological differences between studies and more generally to methodological 
challenges common to studies on neighbourhoods and health which have been 
described previously. 
 
2.6 Proposed conceptual framework 
 Traditionally, obesity and other CVD risk factors have been viewed as 
depending extensively on individual behaviours and on access to medical care. Within 
this ‘individual’ paradigm of health, interventions were geared mainly towards 
modifying lifestyle behaviours, through health education and personal motivation, and 




Since the 1980’s, the contributions of broader environmental and social 
contexts in determining health have gained increased recognition, particularly in the 
field of health promotion (Richard, Gauvin, & Raine, 2011). This has led to the 
development of an ecological approach to health that posits the importance of a 
multitude of determinants, external to individuals, in addition to individual 
determinants, which shape health. In particular, social ecological models of health 
consider the dynamic relations between people and their surroundings. Thus, instead of 
focusing on individual behaviours as potential causes of diseases, these models 
encompass the influences and interrelations between wider societal and environmental 
determinants on individual behaviours that in turn determine health and disease 
(Stokols, 1996). 
 
Social ecological models are often depicted using concentric circles with the 
individual at its center surrounded by each level of influence from the most proximal to 
the most distal to individuals (Sallis et al., 2012). Levels of influence may include 
intrapersonal (biological and psychological), interpersonal (social and cultural), and 
broader organisational, community, physical environmental, and policy levels (Sallis, 
Owen, & Fisher, 2008). In addition to being used to guide the development of health 
promotion interventions, these models can be used to understand the aetiology of 
health behaviours and diseases that have multifaceted origins (Bronfenbrenner, 1979; 
Glass & McAtee, 2006; Moos, 1980; Sallis et al., 2008). 
 
Social ecological models have often been used to understand the aetiology of 
obesity, dietary behaviours, and physical activity (Davison & Birch, 2001; French, 
Story, & Jeffery, 2001; Glanz et al., 2005; Robinson, 2008; Sallis et al., 2006; Sallis & 
Glanz, 2009; Spence, 2003). It has been suggested that the current obesity epidemic is 
too complex to be understood from single levels of analysis and therefore require more 
comprehensive approaches that take multiple levels of influence into consideration 
(Huang & Glass, 2008). Social ecological models are thus well suited to help 
understand the myriad of risk factors of obesity and related health behaviours, which 
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encompass wide ranging determinants from genetic and psychological factors to 
environmental, social, cultural, and policy factors (Hill & Peters, 1998). 
 
This thesis is thus grounded within the foundations of a social ecological approach to 
health. The specific model retained for this thesis draws on the Ecological Systems 
Theory proposed by Bronfenbrenner (Bronfenbrenner, 1979) and further adapted to 
childhood obesity by Davison and Birch (Davison & Birch, 2001). Although the 
Ecological Systems Theory provides a comprehensive understanding of multiple 
influences at multiple levels, including non-linear associations and cross-level 
interaction, modeling such complex associations is a challenge. I therefore opted to 
isolate specific elements pertaining to the neighbourhood built, social and services 
environments, and to examine them in relation to obesity and dietary behaviours, while 
also considering the role of individual and familial factors (Figure 1). Moreover, a 
linear funnel-like representation was favoured over that of concentric circles to more 
easily illustrate the directions of hypothesised relations, although it is acknowledged 
that, in reality, relations are more complex (e.g., feedback loops, etc.).  
 
Figure 1 furthermore illustrates how each specific objective of this thesis are 
linked within a broader conceptual framework, namely: 
 
Objective 1) To determine whether features of residential and school neighbourhood 
food environments are associated with children’s dietary intake and dietary behaviours; 
 
Objective 2) To examine associations between attributes of neighbourhood 
environments with obesity among family triads (child, mother, and father) living at the 
same address, and explore whether associations differ between family members; 
 
Objective 3) To determine optimal combinations of individual, familial, and 
neighbourhood environment characteristics that best predict childhood obesity, and to 
examine whether these combinations of characteristics are associated with 2-year 




Figure 1. Conceptual framework proposing links between attributes of neighbourhood 


















2.7 Summary and gaps addressed in this thesis  
In Canada, close to 1 in 10 children is currently obese. Given the immediate and 
long term consequences of childhood obesity, it is of prime importance to better 
understand the aetiology of obesity, from individual to wider societal risk factors, so as 
to inform successful obesity prevention interventions. Social ecological models of 
health allow us to appreciate the multiple levels of influence that constitute obesogenic 
environments in which imbalances between energy intake and energy expenditure are 
favoured. Population approaches to obesity prevention that target the broader 
environmental, social and political determinants of obesity are needed; however, it 
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remains unclear which specific elements to target. This thesis aims to contribute to the 
body of literature on neighbourhood environments, obesity and diet by addressing the 
following specific gaps: 
 
1) Valid and reliable methods to characterise neighbourhood environments are 
needed, particularly to address measurement error and same-source bias 
associated with the use of resident-reported (subjective) measures. In addition 
to the use of administrative and census data integrated in a geographic 
information system, in-person neighbourhood assessment conducted by trained 
observers offers another objective method to characterise neighbourhood 
environments that remains infrequently exploited. 
 
2) Thus far, there has been a predominance of studies examining characteristics of 
residential neighbourhood environments in relation to childhood obesity and 
associated behaviours, while comparatively fewer have focused on non-
residential environments that may be of importance to children, notably the 
school neighbourhood environment. 
 
3) To date, few studies have examined the links between neighbourhood food 
environments and children’s diet. Multiple 24-hour diet recalls, considered the 
gold standard for the measurement of dietary intake in children, are rarely used 
in available studies. 
 
4) Studies do not systematically distinguish overweight from obese children in 
associations with neighbourhood environment characteristics. Although 
overweight children are more likely to become obese over time, obesity has 
been associated with deleterious cardiometabolic health consequences. There is 
a need for more studies that identify neighbourhood-level determinants of 




5) Most studies reviewed in section 2.5 (Neighbourhood attributes: associations 
with obesity and diet) do not consider the unique influence of the familial 
context within associations between neighbourhood environments, obesity, and 
diet in children. When elements of the familial context are considered, it is 
often only statistically controlled for. Although the family context is known to 
be an important determinant of childhood obesity, little is known on the 
influences of the family context within associations between neighbourhood 
















3.1 Study description 
3.1.1 Study design 
This thesis relies on data from the first and second waves of the QUALITY 
(Quebec Adipose and Lifestyle Investigation in Youth) Cohort, an ongoing 
longitudinal study designed to answer the following question: "What is the natural 
history of the development of childhood obesity, its determinants, and its metabolic 
and cardiovascular consequences?" The QUALITY study has many specific objectives, 
including: 1) to study the genetic, biological, environmental, behavioural and 
psychosocial determinants of obesity and related cardiometabolic consequences; and 2) 
to examine the relation between obesity, cardiometabolic complications, and 
subclinical markers of atherosclerosis. QUALITY is designed and conducted by an 
interdisciplinary team of researchers from five universities (Université de Montréal, 
McGill University, Concordia University, Université Laval, INRS-Armand Frapier). It 
received funding from the Canadian Institutes for Health Research, the Fonds de la 
recherche du Québec en santé, and the Heart and Stroke Foundation of Canada. A 
detailed description of the study design and methods was published in the International 
Journal of Obesity (Cohort Profile) (Lambert et al., 2012). 
 
This thesis also draws on data from two studies complementary to the 
QUALITY Cohort: the Residential Study (funded by the Heart and Stroke Foundation 
of Canada) and the School Study (funded by the Fonds de la recherche du Québec en 
santé). These studies provide measures of the characteristics of the built and social 
environments in the residential and school areas for participants residing in the 
Montreal Metropolitan Area at baseline. 
 
3.1.2 Study population and sampling strategy 
A school-based sampling strategy was used to identify potential study 
participants. From 2005 to 2008, recruitment flyers were distributed to parents of 
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children in Grades 2 to 5, in 1 040 primary schools located within 75 km of either of 
Montreal, Quebec City, or Sherbrooke (Quebec, Canada). These schools represent 89% 
of all the schools approached within the study regions. Of 3 350 interested families 
who contacted the research coordinator, 1 320 met the study inclusion criteria. 
Eligibility criteria, verified over the phone, required participating children to be 
Caucasian, aged 8–10 years at recruitment, to have at least one obese biological parent 
based on self-reported measurements of weight, height and waist circumference (i.e., 
BMI ≥ 30 kg/m2 and/or waist circumference > 102 cm in men and > 88 cm in women), 
and both biological parents had to be available to participate at baseline. Only 
Caucasian families were recruited to reduce genetic admixture. Families were not 
eligible to participate if the mother was pregnant or breastfeeding at the baseline 
evaluation, or if the family had short term plans to move out of the province. Children 
with any of the following were also excluded: 1) a previous diagnosis of Type 1 or 2 
diabetes; 2) a serious illness, psychological condition, or cognitive disorder which 
hindered participation in some or all of the study components; 3) treatment with anti-
hypertensive medication or steroids (except if administered topically or through 
inhalation); or 4) following a very restricted diet (< 600 kcal/day).  
 
Of 1320 eligible families, a total of 630 families (including the participating 
child and both biological parents) completed the baseline visit and 564 completed a 2- 
year follow up visit. Of these, 512 at baseline and 462 at follow up lived in the 
Montreal Metropolitan Area and thus constitute the study sample for this thesis (see 
Appendix A for participant flow chart). Following measurement of parental baseline 
anthropometrics, 35 of the 512 baseline study sample (6.8%) did not have at least one 
obese parent based on measured weight, height, and waist circumference. Self-report 
measurement error and weight loss between study inclusion and baseline assessment 
most likely explain these discrepancies. However, because the eligibility criteria were 
based on parent-reports, and because the vast majority of these participants had at least 




Of the remaining eligible families, 668 (52%) chose not to participate in the 
study. Reasons provided for non-participation of these families were: (i) no longer 
interested in the study, 81%; (ii) one biological parent did not agree or was not 
available to participate, 11%; (iii) child refused to participate, 4%; (iv) reported living 
too far from either study centre, 2%; (v) not enough time to participate, 1%; and (vi) 
other, 1%. No other information is available for these families thus precluding any 
comparisons to be made between participating and non-participating eligible families. 
 
The QUALITY Cohort was not intended to be representative of the Quebec 
population of families with children aged 8-10 years between 2005 and 2008. 
Comparison of baseline characteristics with those of a representative sample of Quebec 
children of similar age showed that children in the QUALITY study are of higher 
socioeconomic status, more likely to live with both parents, to reside in urban regions, 
to be overweight or obese, to have a worse lipid profile, and to report less time 
watching television (Lambert et al., 2012). Although the generalizability of QUALITY 
may be restricted to Caucasian children with a parental history of obesity, this group 
comprises a large segment of the population, with close to 1 in 4 Canadian adults 
currently being obese (Shields et al., 2010). Moreover, compared to clinic-based 
recruitment, recruitment through schools is expected to enhance the generalizability of 
findings. However, since the main goal of this doctoral research is to describe 
environmental determinants of childhood obesity and associated dietary behaviours 
rather than to describe the prevalence of these conditions in Quebec, lack of 
generalizability of prevalence data is not a major limitation here. 
 
3.1.3 Ethical procedures 
Ethical approval for the QUALITY study (#2040), the Residential Study 
(#2631), the School Study (#2696) as well as for this doctoral research (#3880) was 
obtained from the Research Ethics Committee of the Centre de recherche du Centre 
Hospitalier Universitaire Sainte-Justine (see Appendix B for ethical certificate). 
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Written informed consent was obtained from parents, and children provided assent 
prior to baseline assessments. 
 
 




3.2 Data collection procedures 
3.2.1 Individual-level data collected within the QUALITY Study 
Baseline data collection for the QUALITY study involved a clinic visit during 
which questionnaires were completed and biological and physiological measurements 
were obtained. Baseline visits were completed between September 2005 and December 
2008. The first follow up when youth were aged 10-12 years (Visit 2) was completed 
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between September 2008 and March 2011, and Visit 3 data are currently being 
collected. To date, retention for Visit 3 is acceptable (70%). A full description of 
variables measured during Visits 1 through 3 is available elsewhere (Lambert et al., 
2012). 
 
3.2.2 Neighbourhood-level data collected within the Residential and 
School Studies 
Within the Residential and the School neighbourhood studies, two types of data 
were obtained at baseline for families residing in the Montreal Metropolitan Area 
(n=512): data from a geographic information system and data collected through in-
person neighbourhood audits. 
 
MEGAPHONE: a Montreal-based geographic information system 
Data were extracted from MEGAPHONE (Montreal Epidemiological and 
Geographical Analysis of Population Health Outcomes and Neighbourhood Effects), a 
spatial data infrastructure that combines administrative, census, and observation data to 
a geographic information system to describe physical and social environments in the 
Montreal Metropolitan Area (Megaphone Catalogue, 2009). MEGAPHONE mainly 
includes secondary data collected for purposes other than health-related research such 
as data on land use, transportation systems, institutions, services and businesses, and 
census data, as well as some primary data from systematic neighbourhood observation 
(Megaphone Catalogue, 2009). Variables found in MEGAPHONE can be obtained for, 
and aggregated at, different spatial scales. A geographer hired specifically for the 
Residential and School Studies and supervised by a health geographer co-investigator 




In-person residential neighbourhood audits 
Trained observers conducted in-person neighbourhood audits in geographic 
zones surrounding each child's residential and school address. Only methods used for 
assessments in residential neighbourhoods are described since data from audits of 
school neighbourhoods are not used in this thesis. 
 
For the Residential Study, a neighbourhood assessment tool (see Appendix C) 
was developed from existing tools, namely the Montreal Neighbourhood Assessment 
Tool (MoNAT) (Paquet et al., 2010), the Systematic Pedestrian and Cycling 
Environmental Scan (SPACES) tool (Pikora et al., 2002), and the Neighbourhood 
Active Living Potential (NALP) tool (Gauvin et al., 2005). To complete their 
assessments, observers were provided with a map created by the geographer hired for 
the study (see Appendix D). The map identified the street segment where the 
participant’s residence is located and up to nine first and second degree connecting 
streets located within a 500 m road network buffer centered on the residence. This map 
also identified all parks located within 1 km of the participant’s residence. 
 
The Neighbourhood Observation Checklist was used to conduct detailed 
neighbourhood audits for each (up to 10) pre-identified street segments. Next, the 
General Impression Checklist was completed after observers walked all remaining 
street segments contained in the 500 m road network buffer centered on the residence. 
Observers also assessed equipment and infrastructures available in up to three parks 
near the participant’s residence (Bird et al., 2012). 
 
All assessments were conducted by pairs of trained observers who 
independently audited residential neighbourhoods. Observer training occurred over a 
period of nine days beginning in May 2008. On the first day, observers were 
introduced to the purpose of the study and attended a presentation of the observation 
checklists that contained photo illustrations of answers for each item. Observers were 
provided with the manual of procedures and were requested to read it thoroughly prior 
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to the first day of on-site training. On training days two through six, observers and 
trainers began running on-site test observations in various streets located in Montreal. 
At first, after each street segment had been independently assessed, observers and 
trainers would meet to compare responses. When there was discordance, the group 
would return to the street/neighbourhood element in question to identify what the 
“correct” answer should be based on the trainer’s response, considered the gold 
standard. Eventually, as agreement improved, observers and trainers would meet at the 
end of the training day at the research center to compare responses and clarify items. 
Additionally, following training days, items on the neighbourhood assessment tool 
were revised and adjusted as needed by the principal investigator in efforts to improve 
clarity and inter-observer reliability. The most common change was a reduction in the 
response scale (e.g., from four to three responses). 
 
During the iterative on-site observer training sessions, a pen-and-paper version 
of the tool was used to record answers (shown in Appendix C). Following training day 
six, the revised tool was sent to the co-investigators for finalization. On training day 7, 
the observers began to use a digital personal agenda (Pocket PC iPaq 110) to record 
answers and once again audited test neighbourhoods with a proceeding follow up 
discussion to address discordance. This process was repeated with the digital agendas 
for two more training days. On day 10 (13 June 2008), observers began evaluating 
neighbourhoods around the homes of the QUALITY participants. Participants’ 
neighbourhoods were audited during clement weather between the hours of 8 am and 5 
pm in 2008 (76%), 2009 (21%), and 2010 (3%) between the months of June and 
December, prior to the first snow on the ground. 
 
Upon completing the data collection, inter-rater reliability was assessed for 
each item using percentage agreement and kappa coefficients. When pairs of observers 
disagreed on their assessment, items were re-assessed by a third observer on another 
occasion to obtain consensus. In rare circumstances when re-assessment was too 
unwieldy (e.g., neighbourhood far away from the research center, or too few discordant 
items for a specific neighbourhood to justify revisiting it), consensus was obtained 
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using Google Street View. The latter has been found to offer a feasible and reliable 
method to conduct virtual neighbourhood audits (Odgers et al., 2012; Rundle et al., 
2011). Lastly, and even less frequently, if Google Street View was not available for the 
area, one of the two discordant observations was randomly selected as the consensus 
answer (≤ 0.6% of observations per items assessed on the Neighbourhood Observation 
Checklist) (details on the frequency each method to obtain consensus was used are 
presented in Manuscript 2). 
 
3.3 Variable description 
3.3.1 Individual-level variables 
Obesity 
Child and parent anthropometrics were measured according to standardized 
protocols (Lambert et al., 2007) with children and parents dressed in light indoor 
clothing without shoes, using a stadiometer for height and an electronic scale for 
weight. Height was measured upon maximal inspiration. Parents’ waist circumference 
was measured using a standard measurement tape at the mid-distance between the last 
floating rib and the iliac crest at the end of a normal expiration. Measurement of 
height, weight and waist circumference were repeated on two occasions and recorded 
at the nearest 0.1 cm for height and waist circumference, and 0.1 kg for weight. If 
measurements differed by > 0.2 cm for height and waist circumference, and > 0.2 kg 
for weight a third measurement was taken and the average of the two nearest 
measurements was kept. Baseline test-retest reliability was high for measurements of 
weight and height in children and parents (ICC > 0.98), and waist circumference in 
parents (ICC > 0.95) (Lambert et al., 2012). 
 
For children, CDC-based age- and sex-specific BMI percentiles were computed 
using the available program for SAS version 9.2 (Cary, NC). Children were 
categorized as obese if their BMI was ≥ 95th percentile, and normal weight or 
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overweight otherwise (dichotomous variable). BMI percentiles were strongly 
correlated with the percentage of total body fat mass obtained using dual energy x-ray 
absorptiometry (r=0.86) suggesting that in the QUALITY study, BMI is a valid 
measure of obesity. 
 
For parents, BMI was computed as weight (kg) divided by height squared (m2); 
they were categorized as obese if their BMI was ≥ 30 kg/m2 and normal weight or 
overweight otherwise. Abdominal obesity was determined using standardized cut-offs 
for waist circumference in adults (> 88 cm for mothers and > 102 cm for fathers) 
(Bastien et al., 2014). 
 
Pubertal development stage 
Pubertal development stage was assessed by a nurse using the 5-stage Tanner 
scales (Marshall & Tanner, 1969, 1970). Because the majority of children at baseline 
and approximately to 1 in 3 at follow up were pre-pubertal, Tanner stage was 
dichotomized as pre-pubertal (Tanner 1) vs. puberty initiated (Tanner > 1) for both 
baseline and follow up. 
 
Diet 
At baseline, trained dieticians conducted three 24-hour diet recalls on non-
consecutive days including on one weekend day. Except in unusual circumstances, the 
recalls were collected within a 4-week period following the baseline clinic visit. Diet 
recall interviews were done by telephone first with the child and then confirmed with 
the parent who prepared the meals using the multiple-pass method (Johnson et al., 
1996). At the baseline clinic visit, instructions were provided on the specific procedure 
and the family was given a set of disposable containers (bowl, plate, cup and ruler) to 




All reported foods were entered into CANDAT (London, ON, Canada), a 
nutrient calculation program, by trained data entry staff and each recall was entered by 
one individual and then verified by another or double verified. Every 10th entry was 
audited by a research dietician who supervised the staff. Final entries were verified for 
outlying values. Entered foods were then converted to nutrients using the 2007b 
Canadian Nutrient File (Health Canada, 2007a). Children’s dietary intake was 
measured based on mean values of the three 24-hour diet recalls in order to reduce 
intra subject day‐to‐day variability. 
 
Daily servings of vegetables and fruit (V&F) were based on portion sizes from 
Canada’s Food Guide and include V&F juices. A dichotomous variable was developed 
based on recommended servings of V&F for children aged 8-10 years: ≥ 5 
servings/day vs. less (Health Canada, 2007b). 
 
Intake of sugar-sweetened beverages was computed as the mean daily mL of 
soft drinks and other sugar-sweetened drinks, but excluding juices made from real 
fruits. Given a substantial positive skewness in the distribution of this variable and the 
lack of standard cut-offs, sugar-sweetened beverage intake was dichotomised to > 50 
mL/day vs. less, which corresponds to approximately one can of soft drink per week. 
 
In addition to the diet recalls, data on dietary behaviours were collected using 
an interviewer-administered questionnaire to the child that was completed during the 
QUALITY baseline clinic visit (Paradis et al., 2003). The questionnaire included the 
following items: 
 
“During the past seven days, how many times did you…? 
A. Eat a meal in a restaurant? _______ Times  
B. Have a snack in a restaurant? _______ Times  




For meals and snacks consumed in a restaurant, children were instructed to 
include foods and beverages consumed in restaurants, fast food restaurants, snack bars, 
etc. For having foods delivered home, children were instructed to include foods 
delivered directly to their door as well as take-out foods. These items were then used to 
compute two measures of children’s dietary behaviours: 1) having a meal or snack in a 
food establishment at least once in the past week, and 2) consuming delivered or take-
out food at least once in the past week. 
 
Accelerometry 
Participants’ level of physical activity was measured using a uniaxial activity 
monitor (Actigraph LS 7164 activity monitor, Actigraph) for 7 days during the week 
following the baseline clinic visit. For consistency purposes with current procedures 
used by the Canadian Health Measures Survey (Colley et al., 2011), a minimum of 4 
wear-days was required and days were excluded when the accelerometer was worn for 
< 10 h. These criteria for accelerometry data were found to provide valid measures of 
physical activity in children (Troiano et al., 2008). Children were classified as meeting 
physical activity guidelines if they accumulated at least 60 minutes of moderate to 
vigorous physical activity per day (Active Healthy Kids Canada, 2013). 
 
Sociodemographics 
Sociodemographic variables used in this thesis include child’s sex and age, 
parental education, and household income. Child’s sex was recorded by the interviewer 
who administered the questionnaire to the child while all other sociodemographic 
variables were collected using parent-completed questionnaires. The child’s age was 
computed in years using the child’s birth date and the date of the clinic visit. Highest 
parental educational attainment of either parent was computed from the following 
question and subsequently categorised as i) two parents with secondary school or less, 





“What is the highest level of education completed by the biological mother and father 
of the child participating in the study?” (question complete by each parent) 
A. No formal schooling or did not complete elementary school 
B. Primary school  
C. Did not complete high school (grade 7 to 11)  
D. Graduated from high school (grade 12)  
E. Graduated from vocational or trade school  
F. Graduated from college (Cegep)  
G. Graduated from university 
 
 Lastly, total annual household income was obtained from parent-completed 
questionnaires during clinic visits, and was adjusted for the number of people living in 
the household: 
 
“What was your total household income for the last completed fiscal year, before taxes 
and deductions (i.e., total income of everyone living in the same residence where your 
child usually lives, and who share expenses)? 
A. Less than 10 000$ 
B. 10 000$ - 14 999$ 
C. 15 000$ - 19 999 
D. 20 000$ - 29 999$ 
E. 30 000$ - 39 999$ 
F. 40 000$ - 49 999$ 
G. 50 000$ - 59 999$  
H. 60 000$ - 79 999$ 
I. 80 000$ - 99 999$ 
J. 100 000$ - 119 999$ 
K. 120 000$ - 139 999$ 




3.3.2 Neighbourhood-level variables 
Neighbourhood food environment 
MEGAPHONE includes data from an exhaustive list of businesses and services 
located in the Montreal Metropolitan Area, acquired from Tamec Inc. in May 2005. 
The business name, address, postal code and Standard Industry Classification code 
were available. A validity study of food establishments from this list, verified by onsite 
field visits, showed good agreement (0.77), sensitivity (0.84) and positive predictive 
value (0.90) (Paquet, Daniel, Kestens, Leger, & Gauvin, 2008). All businesses were 
geocoded using GeoPinPointTM, version 2007.3 (DMTI Spatial Inc.). The types of food 
establishments considered were supermarkets, fast food restaurants, convenience stores 
and specialty food stores (e.g., bakeries, fruit and vegetable stores, gourmet, meat and 
fish markets). 
 
Residential and school neighbourhood food environments were characterised 
using proximity- and density-based indicators, and direct counts. Proximity measures 
were established using ArcGIS Network Analyst (Esri. Redlands, CA) and defined as 
the road network distance between the child’s residence and the nearest supermarket, 
fast food restaurant, and convenience store, and between the child’s school and the 
nearest of each food establishment type. Density based indicators were computed using 
kernel density estimation. This non-parametric method, commonly used in geography, 
allows for the extrapolation of point-based data over entire spatial areas as opposed to 
fixed delimitations (Carlos, Shi, Sargent, Tanski, & Berke, 2010). It furthermore 
allows to take into account an attenuation of influence with increasing distance such 
that food establishments that are further away but still in the neighbourhood boundary 
have a lower importance in the overall density measure. Using this method, the average 
density of supermarkets, fast food restaurants, and convenience stores were computed 
for 500 m, 750 m, and 1 km road network buffers centred on 1) the child’s residence 
and 2) the child’s school. Because of highly skewed distributions, proximity- and 
density-based indicators were categorized into tertiles corresponding to farthest, 
intermediate and shortest distances for proximity measures, and to lowest, intermediate 
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and highest for density measures. In addition to proximity and density measures, direct 
counts of food establishments within road network buffers were also computed, namely 
the number of fast food restaurants and the number of convenience stores within 500 m 
road network buffers centred on the child’s residence. 
 
Although densities and direct counts were available for different scales, 1 km 
road network buffers were chosen for Manuscript 1 to capture sufficient variability in 
neighbourhood food environment measures. Indeed, many participants living at the 
outskirts of the Montreal Metropolitan Area did not have access to food establishments 
within smaller geographic scales (e.g., 500 m or 750 m buffers). Similarly, although 
the count of food establishment type was measured for different scales, a 500 m road 
network buffer was used in Manuscript 3 for the sake of consistency in neighbourhood 
definition as was available for other neighbourhood environment measures (i.e., in-
person neighbourhood audits which were conducted for 500 m road network buffer). 
 
One additional global measure of the neighbourhood food environment was 
created, the Retail Food Environment index (Spence, Cutumisu, Edwards, Raine, & 
Smoyer-Tomic, 2009). This index is based on the ratio of the number of fast food 
restaurants and convenience stores to supermarkets and specialty food stores. Higher 
scores are indicative of neighbourhoods characterised by a larger number of unhealthy 
relative to healthy options. In cases where there were no supermarkets or specialty 
stores within the neighbourhood boundaries, a value of 1 was substituted to the 
denominator in order to compute the index. The RFE index was computed for 1 km 
network buffers centred on each of the residential and school locations. Because a 
substantial proportion of QUALITY participants lived in suburban areas, a larger 
buffer was also examined (3 km radius buffers) based on previous reports that the RFE 
index computed for larger areas may be more relevant in associations with obesity 
among suburban residents (California Centre for Public Health Advocacy & Policy 
Link, 2008). Within the Residential and School Studies, indicators for ≥ 3 km buffer 
zones were computed for circular rather than road network buffers to capture a greater 
number of food establishments given that, at this distance, they would likely be visited 
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by car, including through less direct routes. The RFE index was categorized according 
to the approximate 75th percentile of each variable’s distribution, corresponding to cut-
offs of ≥ 2.0 vs. less for the 1 km buffer and ≥ 2.5 vs. less for 3 km buffer. 
 
Neighbourhood sociodemographics 
Data from the 2006 Canadian census were used to obtain residential and school 
neighbourhood-level socioeconomic measures. The Pampalon material deprivation 
index was computed which combines the proportion of people with no high school 
diploma, the proportion who are employed, and the average income for people aged ≥ 
15 years at the level of census dissemination areas (Pampalon & Raymond, 2003). 
Population-weighted proportions of dissemination areas overlapping 1 km road 
network buffers centred on residential locations were computed. The index was then 
categorised into quintiles of lowest to highest material deprivation. A material 
deprivation index for school neighbourhoods was computed using the same approach. 
These socioeconomic status measures were used in the first manuscript. 
 
In the second manuscript, a slightly different measure of neighbourhood 
socioeconomic status was used. Instead, % households with low income, % single 
parent families, % unemployment, % residents with a university degree, % owner 
occupied houses, % who have moved in the past year and average residential housing 
values were used. Here, population-weighted proportions or averages of dissemination 
areas overlapping 500 m road network buffers centered on the family’s residential 
location were computed, again to keep the same neighbourhood definition as for other 
neighbourhood-level variables used in the second manuscript. These variables were 
then summarized into two indicators using principal components analysis, which 
explained 73% of the variance in variables, namely neighbourhood disadvantage and 
neighbourhood prestige (see full description in Manuscript 2). 
 
Lastly, 2006 Canadian census data were used to obtain a measure of population 
density for both residential and school neighbourhood environments defined as 1 km 
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road network buffers. A median split categorization was used for measures of 
population density due to a highly skewed distribution of the variable towards lower 
values. 
 
Neighbourhood built environment 
Land use information from CanMap (DMTI Spatial Inc.) was used to 
characterise the neighbourhood built environments of participants for 500 m road 
network buffers centered on the family’s residential location. Measures include 
residential density, presence of at least one park, % of the neighbourhood area covered 
by parks (none, at least 5%, more than 5%), number of three or more way intersections, 
total length of streets with normal traffic at rush hour, % streets that have high traffic at 
rush hour (none, at least 2%, more than 2%) and total length of streets with high traffic 
at rush hour (none, at least 1 500 m, more than 1 500 m). Categories were created for 
variables that were not normally distributed. Land use measures were then summarized 
into two indicators using principal components analysis, namely neighbourhood level 
of urbanicity and neighbourhood traffic, which explained 65% of the variance in 
variables (see full description in Manuscript 2). 
 
Signs of physical disorder 
In-person neighbourhood audits were used to measure the extent to which 
visible signs of physical disorder were present using four items from the 
Neighbourhood Observation Checklist (see Appendix C); these items were adapted 
from the MoNAT (Paquet et al., 2010). Items were: visible signs of graffiti (none vs. 
some) (item 19a), the presence of litter/rubbish on the street segment (including front 
yards) to fill a small grocery bag (yes vs. no) (item 19c), and the presence of major 
deterioration on the roadway in need of repair (yes vs. no) (item 10). One additional 
item developed specifically for the Residential Study measured whether the buildings 





Number of parks 
 Neighbourhood audits were used to obtain the exact number of parks in the 
residential neighbourhood. Observers walked over all streets within a 500 m road 
network buffer centered on the participant’s residence to confirm the presence of pre-
identified parks on observer maps (based on MEGAPHONE land use data) and to 
identify any additional park that had been omitted. If a pre-identified park was 
discovered to be something other than an area in which children could engage in active 
play (e.g., a grassy lot, cemetery or golf course), it was not included in the count. 
Conversely, parks identified on site where none were initially identified by the 
geographic information system were included in the count. 
 
Traffic-calming measures and pedestrian aids 
Lastly, five items of the Neighbourhood Observation Checklist (see Appendix 
C) assessed street-level traffic-calming measures and pedestrian aids, adapted from the 
MoNAT (Paquet et al., 2010) and SPACES tool (Pikora et al., 2002). These included 
the presence of a ≤ 30 km/hour speed limit sign on the street segment (item 16e), 
whether there was an all-direction stop sign at the street segment intersection (item 
15d), the presence of mid-street segment stop signs (item 15e), and the presence of 
zebra crossings (items 14c and 14d) and pedestrian crossing signs (item 16a) at the 
intersection or anywhere along the street segment. 
 
3.4 Statistical analysis methods 
Different statistical analysis methods have been employed in studies examining 
associations between neighbourhood environment attributes, obesity and diet. Among 
these, multilevel statistical analyses have contributed extensively to the understanding 
of how a number of health outcomes vary according to place of residence (Diez Roux, 
2004; Subramanian, 2004). Multilevel statistical methods allow researchers to examine 
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associations between contextual exposures and health while controlling for, and 
concurrently examining association with, individual-level variables. However, the 
required hierarchically structured data (i.e., participants nested into neighbourhoods) is 
not always available, as in the QUALITY study. Moreover, the nature of 
neighbourhood data (e.g., multicollinearity between exposure measurements) and the 
complexity of the underlying causal pathways linking broader contexts, including 
neighbourhoods, to health, must be taken into account in statistical models. In my 
doctoral research, I sought to use various alternative statistical approaches that are best 
suited to the thesis research questions and to the QUALITY data. These approaches are 
presented here. 
 
3.4.1 Taking the non-independence of data into account 
In the School Study, a total of 296 schools from 18 school boards, located in the 
Montreal Metropolitan Area, and frequented by 506 QUALITY participants were 
considered. Generalized estimating equations (GEE) is used in Manuscript 1 to take the 
correlation between measures of participants attending the same schools into account. 
GEE is a marginal model such that how individuals vary within schools (random 
effects) cannot be examined. Instead, non-independence is treated as a nuisance and is 
controlled using a specified correlation structure. 
 
Although the Residential Study data are not structured hierarchically at the 
neighbourhood level, they are structured hierarchically at the family level. Obesity was 
measured in the participating child, the biological mother and the biological father. 
Due to shared genetics and lifestyle behaviours, it is expected that weight status within 
family members are correlated. However, it is not known how shared exposure to 
neighbourhood environments influence familial obesity. Manuscript 2 takes advantage 
of the unique data structure available in QUALITY to answer this question. Random 
effects (individuals within families), fixed effects (families within neighbourhoods), 
and cross-level interactions between family members and neighbourhood 




3.4.2 Cluster analysis to identify neighbourhood typologies 
A statistical problem often encountered in the study of neighbourhood effects 
on health relates to the fact that many neighbourhood entities are highly correlated with 
one another. For example, neighbourhoods with high densities of fast food restaurants 
(a presumably unfavourable neighbourhood exposure) are often also characterised by 
higher densities of sport facilities (a presumably favourable neighbourhood exposure). 
The fact that many neighbourhood characteristics are strongly correlated with one 
another limits the ability to disentangle effects of one variable over another or to 
consider the combined effects of exposure to multiple co-occurring neighbourhood 
environment attributes on obesity and diet (Leal et al., 2012). Multicollinearity 
between neighbourhood exposure variables can be addressed by creating composite 
scores for several variables pertaining to the same domain (for example, using 
principal component analysis). However, this may not be ideal to summarize correlated 
variables from different conceptual domains. 
 
An alternative analytic approach, which I have explored during my doctoral 
studies, consists of using cluster analysis on a large number of sometimes strongly 
correlated neighbourhood environment characteristics to construct a typology of 
neighbourhoods. The resulting typology groups together neighbourhoods that are 
substantively comparable on selected characteristics regardless of their geographical 
location (Appendix E) (Van Hulst et al., 2012). This study, conducted in the context of 
a research internship, was based on the data from the RECORD (Residential 
Environment and Coronary Heart Disease) Study involving 7290 adults (aged 30 to 79 
years) residing in the Paris Metropolitan Area. Although the sample population is 
different from that of the QUALITY Study (e.g., adults vs. children), the 
neighbourhood environment measures are largely similar. Since then, the expertise 
gained on cluster analysis has been put to use in different ongoing analysis projects 




3.4.3 Recursive partitioning analysis to identify obesogenic 
environments 
Recent review studies on neighbourhood environments and obesity have 
identified the need to examine moderators of associations between neighbourhood 
environment characteristics and obesity (Ding & Gebel, 2012; Leal & Chaix, 2011). 
Potential moderators may include psychosocial variables, sociodemographic 
characteristics, familial characteristics, as well as other neighbourhood environment 
characteristics (Davison & Birch, 2001; Ding & Gebel, 2012). To date, interactions 
have typically been tested using interaction terms in generalised linear models; 
however, this approach is not ideal for modeling complicated nonlinear associations, 
such as higher order interactions. An alternative non-parametric technique consists of 
using recursive partitioning methods which produces a classification tree following a 
series of binary splits dividing participants into higher- and lower-risk subgroups for a 
given outcome based on a series of predictor variables (Breiman, Friedman, Olshen, & 
Stone, 1998). Recursive partitioning methods are particularly useful to examine higher 
order interactions, for example between multiple individual and neighbourhood 
characteristics, yet they have rarely been used in studies on neighbourhoods and health 
(Keegan et al., 2012; King et al., 2006). This novel statistical approach in the study of 
neighbourhoods and health is exploited in the third manuscript of this thesis. 
 
3.4.4 Spatial autocorrelation 
A short note on spatial autocorrelation is added to this section on statistical 
analysis methods. When working with spatial data, elements that are closer to one 
another within a geographic space are more likely to be similar than elements that are 
farther away. When present, this dependence within the data, also known as spatial 
autocorrelation, requires adequate analytic approaches (e.g., spatial autoregressive 
models). Based on the neighbourhood definition used in the QUALITY study (areas 
centered on each participants exact residence), some residential neighbourhoods are 
known to overlap, particularly when neighbourhoods are defined using larger spatial 
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scales (i.e., 1 km buffers). However, spatial autocorrelation was assessed in the context 
of this thesis and was not found to be a major issue given that all Moran I values are 
relatively close to zero (see Appendix F). 
 
3.5 Contributions to the QUALITY, Residential and School 
Studies 
Although my doctoral research is integrated into the Residential and School 
Studies as well as the QUALITY Cohort study, I have made significant conceptual and 
methodological contributions to these studies. 
 
I contributed to the Residential Study at its very outset, starting with the 
preparation of the study proposal. I also played an important role in the development of 
the in-person neighbourhood assessment tool. This included reviewing the literature to 
locate existing tools, consolidating unique items from the different relevant tools, and 
with my primary supervisor, doing an initial selection of items to include in our 
adapted tool. I was also involved in pre-testing and adapting the tool to the Montreal 
context and to our pediatric population. Once the final tool was developed, I produced 
a training manual, which explained the response choices for each item, what to include 
and exclude from assessments, and how to proceed with any special circumstances on 
the grounds. I also put together a presentation with pictures of the different 
neighbourhood elements to assess which was used during the observer training session. 
 
In terms of data collection for the Residential Study, I was involved in the 
recruitment of 10 research assistants who completed the neighbourhood assessments. I 
furthermore conducted the training of research assistants, coordinated data collection 
procedures, and ensured quality control throughout the data collection period. I was 
responsible for transferring data from the electronic questionnaire to the database, and 
for addressing any issues reported by observer pairs during their neighbourhood visits 




Upon completion of the neighbourhood audit data collection, I supervised the 
research assistant who conducted data cleaning and validation procedures, and I 
conducted the inter-observer reliability analyses (percent agreement, kappa 
coefficients) for items of the residential neighbourhood assessment tool. In terms of 
data management, I created the program that integrated the different methods used to 
obtain consensus in the case of discordances in specific items by pairs of observers. 
 
My contributions to the School Study were significantly less as this study was 
planned and conducted in part while I was studying for my doctoral courses and 
comprehensive exams. I nevertheless contributed to the development of the school 
neighbourhood and school ground audit tools as well as to the school principal 
questionnaire, and to the development of the data collection procedure by providing 
input and expertise gained from the Residential Study. 
 
Contributions beyond what was originally planned in the original studies 
include the utilisation of different statistical analysis approaches to be used with data 
from the Residential and School Studies, including cluster, multilevel and recursive 
partitioning analysis. Moreover, because I have a good understanding of the data 
collection methods and procedures for the Residential and School Studies, I have 
mentored students and advised post-doctoral fellows working with the data over the 
past years. Lastly, I worked closely with the former primary investigator of the 
QUALITY Cohort, Dre Marie Lambert, to write a lead publication describing the 
QUALITY Cohort and its general methods for the International Journal of 
Epidemiology. My important contributions to this manuscript gave me a second 
















Associations between children’s diets and features of their residential 







Associations between children’s diets and features of their residential and school 
neighbourhood food environments 
 
Running Title: 
Neighbourhood food environments and diet 
 
 
Andraea Van Hulst1,2 








1 Département de médecine sociale et préventive, Université de Montréal, Montréal, 
Canada; 
2 Centre de recherche du Centre Hospitalier Universitaire Sainte-Justine, Montréal, 
Canada; 
3 Centre de Recherche du Centre Hospitalier de l’Université de Montréal , Montréal, 
Canada; 
4 Centre de Recherche Léa-Roback sur les Inégalités Sociales de Santé de Montréal, 
Université de Montréal, Montréal, Canada; 
5 School of Health Sciences, University of South Australia, Adelaide, Australia; 
6 Department of Medicine, St Vincent's Hospital, The University of Melbourne, 
Melbourne, Australia; 
7 School of Dietetics and Human Nutrition, McGill University, Montréal, Canada; 




Article published in the November/December 2012 Supplement on Built Environments 




Andraea Van Hulst conceptualised the manuscript, conducted the data analysis, wrote 
the first draft of the manuscript, reacted to and integrated co-authors comments. 
 
Tracie A. Barnett contributed to the conceptualisation of the manuscript and data 
analysis, contributed to writing and reviewing the manuscript, was responsible for the 
neighbourhood data collection as principal investigator of the Residential and School 
Studies. 
 
Lise Gauvin contributed to the conceptualisation of the manuscript, contributed to 
writing and reviewing the manuscript, contributed to data collection as co-investigator 
of the Residential and School Studies. 
 
Mark Daniel contributed to writing and reviewing the manuscript, contributed to data 
collection as co-investigator of the Residential and School Studies. 
 
Yan Kestens contributed to conceptualising the spatial component of the manuscript, 
contributed to data analysis, contributed to writing and reviewing the manuscript, 
contributed to data collection as co-investigator of the Residential and School Studies. 
 
Madeleine Bird contributed to writing and reviewing the manuscript. 
 
Katherine Gray-Donald contributed to the conceptualisation of the manuscript and data 
analysis, contributed to writing and reviewing the manuscript, was responsible for the 




Marie Lambert contributed to the conceptualisation of the manuscript, was responsible 
for the QUALITY study as principal investigator. 
 










BMI, Body Mass Index; CMA, Census Metropolitan Area; GEE, generalised 
estimating equations; GIS, Geographic Information System; QUALITY, Quebec 
Adipose and Lifestyle Investigation in Youth; RFE, Retail Food Environment; V&F, 
Vegetables and Fruit 
 
Acknowledgements: 
The QUALITY study is funded by the Canadian Institutes of Health Research, the 
Heart and Stroke Foundation of Canada, as well as the Fonds de la recherche en santé 
du Québec. The QUALITY Residential and School Built Environment complementary 
studies were funded by the Heart and Stroke Foundation of Canada and the Canadian 
Institutes of Health Research, respectively. A Van Hulst received support from a 
CIHR/Heart and Stroke Foundation of Canada Training Grant in Population 
Intervention for Chronic Disease Prevention, and a doctoral scholarship from the Fonds 
de la recherche en santé du Québec. TA Barnett and Y Kestens are Fonds de la 
recherche en santé du Québec research scholars. L Gauvin holds a Canadian Institutes 
of Health Research/Centre de Recherche en Prévention de l’Obésité Chair in Applied 
Public Health on Neighbourhoods, Lifestyle, and Healthy Body Weight. M Bird 
received a masters’ scholarship from the Fondation du CHU Sainte-Justine.  
 80 
 
Dr. Marie Lambert passed away on February 20th, 2012. Her leadership and devotion 
to the QUALITY cohort will always be remembered and appreciated.  
 




Objectives: Among studies of the built environment, few examine neighbourhood 
food environments in relation to children’s diets. We examined the associations of 
residential and school neighbourhood access to different types of food establishments 
with children’s diets. 
Methods: Data from QUALITY (Quebec Adipose and Lifestyle Investigation in 
Youth), an ongoing study on the natural history of obesity in 630 Quebec youth aged 8-
10 years with a parental history of obesity, were analysed (n=512). Three 24-hour diet 
recalls were used to assess dietary intake of vegetables and fruit, and sugar-sweetened 
beverages. Questionnaires were used to determine the frequency of eating/snacking out 
and consumption of delivered/take-out foods. We characterised residential and school 
neighbourhood food environments by means of a Geographic Information System. 
Variables included distance to the nearest supermarket, fast food restaurant and 
convenience store, and densities of each food establishment type computed for 1 km 
network buffers around each child’s residence and school. Retail Food Environment 
indices were also computed. Multivariable logistic regressions (residential access) and 
generalized estimating equations (school access) were used for analysis. 
Results: Residential and school neighbourhood access to supermarkets was not 
associated with children’s diets. Residing in neighbourhoods with lower access to fast 
food restaurants and convenience stores was associated with a lower likelihood of 
eating and snacking out. Children attending schools in neighbourhoods with a higher 
number of unhealthful relative to healthful food establishments scored most poorly on 
dietary outcomes. 
Conclusions: Further investigations are needed to inform policies aimed at shaping 
neighbourhood-level food purchasing opportunities, particularly for access to fast food 
restaurants and convenience stores. 
 
KEY WORDS: built environment, children, diet, food environment, QUALITY 




In recent years, the role of neighbourhoods has been increasingly investigated with 
respect to obesity in children.1-3 Neighbourhood built environments may promote 
childhood obesity by favouring antecedent behaviours, including physical inactivity 
and unhealthful diets. Compared with physical activity, fewer studies have addressed 
children’s diets.1 
 
Most studies examining associations between local neighbourhood availability 
of food establishments and residents’ diets have focused on adults.4 Overall, findings 
from studies involving children are less consistent, notably for associations between 
access to supermarkets and vegetable and fruit (V&F) intake.5-7 Greater access to 
convenience stores, which typically offer limited fresh produce, has been found to be 
associated with lower V&F intake5, 7 and higher intake of sweet/salty snacks6 and 
sugar-sweetened beverages8 in youth. Although some studies have reported 
associations between the availability of fast food restaurants near children’s residence 
and their diets,7, 8 others do not support such findings.6, 9, 10 Given the conflicting 
results in the literature, there is a need to clarify the relation between neighbourhood 
food environments and children’s diets. 
 
In addition to residential neighbourhoods, school neighbourhood environments 
are relevant activity spaces and should be investigated in relation to obesity-related 
behaviours in children.11,12 During the academic year, travel to and from school 
exposes children to school neighbourhood food environments. Recently, policies have 
targeted in-school food environments, but initiatives aimed at regulating food 
opportunities in school neighbourhoods have yet to be widely implemented. Fast food 
restaurants and convenience stores are known to cluster within short distances from 
schools.13,14 However, it is not clear to what extent the availability of the latter is 




The aim of this study was to determine whether features of residential and 
school neighbourhood food environments were associated with children’s dietary 
intake (V&F and sugar-sweetened beverages) and selected dietary behaviours 
(eating/snacking out and consuming delivered/take-out food).  
 
4.3 Methods 
Participants were drawn from the QUALITY (Quebec Adipose and Lifestyle 
Investigation in Youth) study, an ongoing longitudinal investigation of the natural 
history of obesity and cardiovascular risk in youth with a history of parental obesity. 
Recruitment flyers were distributed to parents of children in Grades 2 to 5 in 1,040 
primary schools (89% of schools approached) located within 75 km of each of 
Montreal, Quebec City and Sherbrooke, QC. Of 3350 interested families who 
contacted the research coordinator, 1320 met the study inclusion criteria. Eligibility 
criteria required participating children to be Caucasian, aged 8–10 years at recruitment, 
to have at least one obese biological parent (i.e., body mass index [BMI] ≥ 30 kg/m2 
and/or waist circumference > 102 cm in men and > 88 cm in women, based on self-
reported measurements of weight, height, and waist circumference), and both 
biological parents available to participate at baseline. Of eligible families, a total of 
630 (48% of eligible families, composed of the participating child and two biological 
parents) completed the baseline visit between September 2005 and December 2008. 
Baseline data collection involved a clinic visit during which questionnaires were 
completed and biological and physiological measurements obtained, as well as follow 
up telephone interviews. Written informed consent was obtained from parents, and 
assent was provided by children. The ethics review boards of Centre Hospitalier 
Universitaire Sainte-Justine and Laval University approved the study. A detailed 
description of the study design and methods is available elsewhere.15 
 
Characteristics of the built and social environments in children’s residential 
neighbourhood were obtained for the study baseline using a Geographic Information 
System (GIS) for 512 children residing in the Montreal Census Metropolitan Area 
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(CMA). Of these, 506 attended some 296 schools located within the Montreal CMA, 
for which school neighbourhood GIS data were also obtained. 
 
Dietary Assessment  
Children’s dietary intake was measured using mean values of three 24-hour diet 
recalls conducted by trained dieticians on non-consecutive days including one weekend 
day.16 Data from recalls were available for 498 participants considered in this study. 
Except in unusual circumstances, the recalls were collected within a 4-week period 
after the baseline clinic visit. Diet recall interviews were done by telephone with the 
child and then confirmed with the parent who prepared the meals. 
 
Foods reported on the recalls were entered into CANDAT (London, ON) and 
converted to nutrients using the 2007b Canadian Nutrient File.17 Daily servings of 
V&F were based on portion sizes from Canada’s Food Guide and include V&F juices. 
A dichotomous variable was developed on the basis of recommended servings of V&F 
for children aged 8-10 years: ≥ 5 servings/day vs. less.18 Intake of sugar-sweetened 
beverages was computed as the mean daily number of mililitres of soft drinks and other 
sugar-sweetened drinks, but excluding juices made from real fruits. Given a substantial 
positive skewness in its distribution, sugar-sweetened beverage intake was 
dichotomized to > 50 mL/day (approximately one can of soft drink per week) vs. less.  
 
Two additional measures of children’s diets were obtained from a questionnaire 
administered to the child during the clinic visit: having a meal or snack in a food 
establishment at least once in the previous week, and consuming delivered or ‘take-
out’ food at least once in the previous week. 
 
Neighbourhood Assessment 
The exact addresses of each participating child’s residence and school were 
geocoded. The availability of food establishments within the residential and school 
neighbourhood environment was measured using a GIS, which included data from an 
exhaustive list, acquired from Tamec Inc., of businesses and services located in the 
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region in May 2005. The business name, address, postal code and Standard Industry 
Classification code were available. A validity study of food establishments from this 
list, verified by onsite field visits, showed good agreement (0.77), sensitivity (0.84) and 
positive predictive value (0.90).19 All businesses were geocoded using GeoPinPointTM, 
version 2007.3 (DMTI Spatial Inc.). Types of food establishment included in this study 
were supermarkets, fast food restaurants,14 convenience stores and specialty food stores 
(e.g., bakeries, fruit and vegetables, gourmet, meat and fish markets). 
 
Neighbourhood food environments were described by proximity- and density-
based indicators. Proximity measures were established using ArcGIS Network Analyst 
(Esri. Redlands, CA) and defined as the road-network distance between the child’s 
residence and the nearest supermarket, fast food restaurant, and convenience store, and 
between the child’s school and the nearest of each food establishment type. Because of 
highly skewed distributions, indicators were categorized into tertiles corresponding to 
farthest, intermediate and shortest distances. Kernel density was used to estimate the 
average density of each type of food establishment within 1 km street network buffers 
centred on 1) the child’s residence and 2) the child’s school. Kernel density estimations 
are frequently used in geography to evaluate the local density of point-based data20 and 
have been used previously to describe neighbourhood access to food establishments.21 
A quartic kernel function was used with adaptive bandwidth composed of 1% of the 
observations for each type of food establishment (n=1,929 for convenience stores, 
n=1,118 for fast food restaurants and n=828 for supermarkets) and cell spacing of 100 
m. Exposure categories for each type of food establishment were based on tertiles 
corresponding to lowest, intermediate and highest densities.  
 
Additionally, a Retail Food Environment (RFE) index was computed.22 This 
index is based on the ratio of the number of fast food restaurants and convenience 
stores to supermarkets and specialty food stores. Higher scores are indicative of 
neighbourhoods characterized by a higher number of unhealthful relative to healthful 
options. The RFE index was computed for 1 km network buffers and for 3 km radius 
circular buffers centred on each of the residential and school locations. A larger buffer 
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was examined to capture greater variation among neighbourhoods in RFE indices. The 
index was subsequently categorized according to the approximate 75th percentile of 
each variable’s distribution, corresponding to cut-offs of ≥ 2.0 vs. less for 1 km buffers 
and ≥ 2.5 vs. less for 3 km buffers. 
 
Other neighbourhood-level measures included a material deprivation index 
computed from 2006 Census data.23 The index combines the proportion of people with 
no high school diploma, the proportion who are employed and the average income, for 
people aged ≥15 years in census dissemination areas. Population-weighted proportions 
of dissemination areas overlapping 1 km street network buffers centred on resident’s 
location were computed. The index was classified into quintiles of lowest to highest 
deprivation. A material deprivation index for school neighbourhoods was computed 
using the same approach. Population density for both residential and school 
neighbourhood environments was computed from 2006 Census data for 1 km street 
network buffers. A median split categorization was used for measures of population 
density. 
 
Individual Socio-demographic Measures 
Individual-level data used as adjustment variables included child’s age and sex, 
and mother’s BMI. Highest parental educational attainment (2 parents with secondary 
school or less, ≥1 parent with technical/vocational/trade degree, ≥1 parent with 
university degree) and total annual household income adjusted for the number of 
people living in the household were obtained from parent-completed questionnaires 
during the clinic visit. 
 
Analysis  
This study was not designed to allow multilevel analyses of participants nested 
into neighbourhoods; instead, an ego-centred approach was used whereby individual 
neighbourhood measures were computed for each child’s residential and school 
locations.24 Moreover, no evidence of spatial autocorrelation resulting from the 
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dependency of properties within geographic spaces was found, indicating that nearby 
entities did not share more similarities than entities that were further apart. 
 
Unadjusted associations among indicators of residential neighbourhood food 
environment and dietary outcomes were examined using logistic regression. 
Subsequently, multivariable associations were analyzed adjusting for child’s age and 
sex, as well as for potential confounders, namely parental education, household 
income, residential neighbourhood material deprivation and residential population 
density (as a measure of level of urbanicity). For analyses involving school 
neighbourhoods, generalized estimating equations (GEE) with a logit link function and 
with an independent working correlation structure were used to allow for clustering of 
dietary outcomes among children attending the same schools. Multivariable GEE 
models were adjusted for child’s age, sex, parental education, household income, 
school neighbourhood material deprivation, and school neighbourhood population 
density. Given the high correlations between proximity-based indicators and between 
density-based indicators of each type of food establishment (r=0.7 to 0.9), each 
variable was examined in separate models for residential and school neighbourhoods 
using the ‘best access’ (i.e., closest or densest tertile) as the reference category. For 
RFE indices, values below the cut-offs were used as the reference category. Odds 
ratios (OR) and 95% confidence intervals (CIs) are presented. All analyses were 
conducted using SAS, version 9.2 (Cary, NC). 
 
In secondary analyses, we restricted the sample to children who lived > 1.5 km 
walking distance from their school, i.e., those who were more likely to have distinct 
residential and school neighbourhood food environments, since there would be 
minimal overlap between respective 1 km network buffers centred on each location. 
Associations between the density of food establishments and dietary outcomes were 
examined in this subgroup in an attempt explore which of the residential or school 






Overall, 34% of the 512 children consumed the recommended daily intake of ≥ 5 
servings of V&F per day (average of 4.3 servings), 58% drank > 50 mL of sugar-
sweetened beverages daily, 44% had a meal/snack in a food establishment, and 35% 
consumed delivered/take-out foods at least once per week (Table 1, p. 97). Overall, 
supermarkets, fast food restaurants and convenience stores were more accessible 
around schools than around residences, as shown by shorter distances to and higher 
densities of each type of food establishment in school neighbourhoods. Thirty-eight 
percent (n=193) lived > 1.5 km from their school.  
  
Tables 2 and 3 (p. 99-101) show covariate-adjusted associations of proximity, 
density and retail food environment measures with children’s dietary outcomes for 
both residential and school neighbourhood environments, respectively. Living in a 
residential neighbourhood with a lower density of fast food restaurants was associated 
with a 48% (OR=0.52, 95% CI: 0.30-0.91) and 40% (OR=0.60, 95% CI: 0.36-0.99) 
lower likelihood of eating/snacking out, for lowest and intermediate densities, 
respectively. Similar associations were found for convenience stores, the lowest 
density compared with the highest density was associated with a 56% (OR=0.44, 95% 
CI: 0.25-0.80) lower likelihood of eating/snacking out. Residential neighbourhood 
proximity-based indicators were not associated with children’s diets, nor were 
residential RFE indices. Access to food establishments in the school environment was 
only marginally associated with dietary outcomes (Table 3, p. 101). For example, 
intermediate (vs. shortest) distance between attended school and the nearest fast food 
restaurant was associated with an increased likelihood of consuming recommended 
servings of V&F (p=0.08). Similarly, attending schools in neighbourhoods with the 
lowest density of supermarkets (vs. highest density) was associated with a decreased 
likelihood of eating/snacking out (p=0.08); an intermediate density of supermarkets 
(vs. highest density) was associated with an increased likelihood of consuming sugar-
sweetened beverages (p=0.07); and intermediate density of fast food restaurants (vs. 
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highest density) was associated with an increased likelihood of consuming 
delivered/take-out foods (p=0.09). 
  
The residential neighbourhood RFE Indices were not associated with dietary 
outcomes (Table 2, p. 99). Attending a school in a neighbourhood with a 3 km buffer 
RFE index ≥ 2.5 (i.e., 2.5 fast food restaurants/convenience stores for 1 
supermarket/specialty store) was associated with a 61% (OR=1.61, 95% CI: 1.01-2.56) 
greater likelihood of consuming sugar-sweetened beverages, after adjusting for 
individual and neighbourhood covariates (Table 3, p. 101). Similarly, an elevated RFE 
index within 1 and 3 km buffers around schools was marginally associated with a 
lower likelihood of consuming recommended servings of V&F. 
 
 Among children living > 1.5 km from their school, lowest (vs. highest) school 
neighbourhood density of fast food restaurants was associated with a higher likelihood 
of consuming recommended servings of V&F, and intermediate (vs. highest) school 
neighbourhood density of fast food restaurants was associated with a higher likelihood 
of consuming delivered/take-out food (Table 4, p. 103). The residential density of 
convenience stores remained positively associated with eating/snacking out. 
 
Last, when V&F intake was treated as a continuous variable using linear 
regression models, children living farthest from fast food restaurants had a 0.5 
additional serving of V&F daily (β=0.50, 95% CI: 0, 1.00) compared with those living 
at the shortest distance. Moreover, living in or attending a school in a neighbourhood 
with 3 km RFE indices ≥2.5 was associated with up to a half serving less of V&F (β=-
0.40, 95% CI: -0.81, 0.005 for residential neighbourhood and β=-0.50, 95% CI: -0.91, -
0.09 for school neighbourhood). 
 
4.5 Discussion 
We examined associations between indicators of neighbourhood food environments 
and dietary outcomes among children with a family history of obesity. Findings 
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suggest that the availability of fast food restaurants and convenience stores in 
children’s neighbourhood environments may be associated with their intake of V&F, 
and the likelihood of eating/snacking out and consuming delivered/take-out foods. This 
extends recent research on built environments and children’s diets. Although 
associations tended to be weak in magnitude, observed associations are overall 
consistent with current research on obesogenic environments and health. 
 
 As previously reported,5-7 we found no consistent associations between a 
greater availability of supermarkets and more favourable dietary outcomes. 
Supermarkets typically offer a large variety of healthful foods, including vegetables 
and fruits, at lower costs.25 However, there appear to be very few ‘food deserts’ in 
Montreal, i.e. neighbourhoods where residents are considered to have poor access to 
supermarkets.26 Associations between the availability of supermarkets and diets may 
be more likely to emerge in areas with less equitable distributions of supermarkets and 
may be more relevant to adult populations. In contrast to supermarket availability, we 
found more evidence that the availability of fast food restaurants and convenience 
stores was associated with children’s diets, particularly with the likelihood of eating or 
having a snack in a food establishment. These findings suggest that easy access to 
unhealthful foods may be more of a concern than poor access to more healthful 
foods.27  
 
Geographic clustering of fast food restaurants and convenience stores around 
schools has been described previously,14 although our findings suggest that 
associations between access to these food establishments and children’s diets were 
more consistent for residential than for school neighbourhood exposures. This may be 
related to the relatively young age of participants; school neighbourhoods may become 
more important during adolescence when students attending secondary school are 
typically authorized to leave school grounds.28 
 
Use of the RFE indices revealed that children residing in or attending a school 
in neighbourhoods with a preponderance of unhealthful food establishments scored 
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most poorly on dietary outcomes.29 An indicator of relative access to types of food 
establishments is a useful complement to proximity- and density-based indicators, as 
commercial destinations tend to be geographically clustered such that higher numbers 
of fast food restaurants are often associated with more supermarkets and fruit and 
vegetable stores as well. 
 
Restricting analyses to the subgroup of children living > 1.5 km from their 
school allowed us to partially distinguish associations with residential neighbourhood 
environments from associations with school neighbourhood environments. However, 
the results of these sub-analyses are likely not generalizable to the entire sample. In 
this subgroup, children who lived farther away from their school were more likely to 
be driven to or from their school than to travel by bus. A higher likelihood of car travel 
may lead to more opportunistic purchases by parents, including those at drive-through 
restaurants, given the extended potential path area.9,30 This may, in part, explain the 
higher fast food intake among children living farther away from fast food restaurants. 
 
Initiatives to create zones around schools with limited access to fast food 
restaurants and convenience stores have been proposed.31 Such initiatives may have a 
positive impact on children’s diet, particularly in the context of ecological 
interventions in which multiple levels of obesogenic environments are targeted. 
Although school neighbourhoods might be more compelling targets, policies to limit 
access to unhealthful food establishments in residential neighbourhoods should be 
further investigated.  
 
The strengths of this study include the use of a valid and reliable method to 
measure children’s diet and the use of objective measures to characterize 
neighbourhood food environments. Overall, the findings should be interpreted with 
caution, given the number of associations tested and the increased risk of type-1 error. 
The results should thus be seen as exploratory and in need of confirmation in future 
studies. Other limitations include the possibility that children with certain dietary 
patterns were self-selected through their parents to reside in neighbourhoods with 
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particular food establishment profiles. Moreover, because the majority of children lived 
within a short walking distance of their school, it was not possible to distinguish 
entirely between the associations of residential vs. school neighbourhood environments 
with children’s diets. While we used a GIS to quantify the availability of various types 
of food establishment,32 others have used measures of perceived access.33 Parents and 
children may incorporate aspects other than local availability to formulate perceptions 
of access, such as car ownership, parental permissiveness and available pocket money; 
this should be examined in future research that includes both GIS and perceived 
measures. Last, since the children in this study were relatively young (8-10 years), 
associations of interest may be mediated and/or confounded by parental diet; however, 
there were no measures of parent diet in the QUALITY study. Maternal BMI was 
considered as a proxy for mother’s diet but was not retained because its inclusion in the 
models did not change main exposure coefficients substantively and because the study 
design required at least one parent to be obese.1 
 
In conclusion, our findings suggest that among children aged 8-10 years, 
residential neighbourhood food environments are more strongly associated with dietary 
outcomes than are school neighbourhood food environments. Although the magnitude 
of associations is relatively small, the potential to affect population dietary behaviours 
and related health outcomes may be substantial. Frequent and widespread food 
purchasing opportunities within children’s environments may be one factor amenable 
to interventions in order to improve diets.  
                                                 
1  If maternal BMI (as a proxy measure for maternal diet) was a confounder or mediator in the 
associations of interest, one could expect that its inclusion in the regression models would have led to an 
attenuation of measures of association. As per Hosmer and Lemeshow (Applied Logistic Regression, 
2000), a 10% change between the unadjusted and adjusted odds ratio can be used as a criterion to 
determine whether confounding/mediation is present. In this case, given that associations were already, 
at least in part, controlled for maternal BMI by design through the selection of children with at least one 
obese parent, we did not expect measures of associations to be affected by the inclusion of maternal 
BMI. We nevertheless chose to confirm this for maternal BMI but also for paternal BMI (even though it 
is not mentioned here). To keep models more parsimonious, we chose not to retain maternal or paternal 
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Table 1. Characteristics of participants residing within the Montreal CMA (n=512) 
from the Quebec Adipose and Lifestyle Investigation in Youth (QUALITY) study 
 Characteristic  
Age, years, mean (SD) 9.6 (0.9) 
Sex, boys, % (n) 54.5 (279) 
Annual household income, $, mean (SD)* 43063 (18722) 
Highest level of education of either parent, % (n)  
   2 parents with secondary school or less  8.3 (42) 
   1 or 2 parents with technical/vocational/trade degree 38.5 (196) 
   1 or 2 parents with university degree 53.2 (271) 
Mother's BMI, kg/m2, mean (SD) 29.5 (6.6) 
Father's BMI, kg/m2, mean (SD) 30.8 (5.6) 
Daily servings of V&F, mean (SD) 4.3 (2.1) 
≥ 5 servings of V&F per day, % (n) 33.7 (168) 
> 50 mL of sugar-sweetened beverages per day, % (n) 58.0 (289) 
Eat/snack out at least once per week, % (n) 43.8 (224) 
Delivered/take-out food at least once per week, % (n) 35.0 (179) 
Residential neighbourhood  
Population density per km2, median (IQR) 2715 (1926 - 3815)
% aged ≥ 15 years with no high school diploma, mean (SD) 32.6 (9.0) 
% aged ≥ 15 years who are employed, mean (SD) 67.0 (8.3) 
Average total income of households, $, mean (SD) 85793 (23197) 
Walking distance from residence to school, meters, median (IQR) 1121 (631 - 2535) 
Proximity measures (distance to nearest), metres  
   Supermarket, median (IQR) 1375 (739 - 2434) 
   Fast food restaurant, median (IQR) 1326 (784 - 2256) 
   Convenience store, median (IQR) 779 (425 - 1327) 
Kernel density measures (for 1 km network buffer), no./km2  
   Supermarket, median (IQR) 0.08 (0.03 - 0.2) 
   Fast food restaurant, median (IQR) 0.2 (0.08 - 0.8) 
   Convenience store, median (IQR) 0.3 (0.1 – 1.0) 
Retail Food Environment index  
   1 km network buffer, median (IQR) 1.0 (0 - 2.0) 
   3 km circular buffer, median (IQR) 1.8 (1.2 - 2.5) 
School neighbourhood†  
Population density per km2, median (IQR) 2990 (2093 - 4087)
% aged ≥ 15 years with no high school diploma, mean (SD) 32.9 (9.1) 
% aged ≥ 15 years who are employed, mean (SD) 64.0 (8.1) 
Average total income of households, $, mean (SD) 81478 (20793) 
Proximity measures (distance to nearest), metres  
   Supermarket, median (IQR) 1008 (540 - 1999) 
   Fast food restaurant, median (IQR) 950 (572 - 1889) 
   Convenience store, median (IQR) 541 (311 - 931) 
Kernel density measures (for 1 km network buffer), no/km2  
   Supermarket, median (IQR) 0.1 (0.03 - 0.3) 
   Fast food restaurant, median (IQR) 0.3 (0.1 – 1.0) 
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   Convenience store, median (IQR) 0.5 (0.2 - 1.6) 
Retail Food Environment index  
   1 km network buffer, median (IQR) 0.8 (0 - 1.8) 
   3 km circular buffer, median (IQR) 1.7 (1.2 - 2.4) 
*Adjusted for the number of people living in the household. 
†School neighbourhood data available for 296 schools localised within the Montreal CMA 
attended by 506 QUALITY study children (6 attended a school outside the study area). 
CMA=Census Metropolitan; BMI=body mass index; V&F=vegetables and fruit Area; IQR= 
inter-quartile range; SD=standard deviation 
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Table 2. Covariate-adjusted associations (OR and 95% CI) between measures of the 




≥ 5 servings of 












out food ≥ once 
/ week 
 (n=506) 
Proximity measures    
Model 1 - Distance to nearest supermarket   
Farthest (>2000m) 1.09 (0.62; 1.91) 0.82 (0.48; 1.39) 1.04 (0.62; 1.73) 0.96 (0.56; 1.65)
Intermediate (965 
to 2000m) 1.07 (0.65; 1.74) 0.84 (0.52; 1.35) 1.12 (0.71; 1.77) 1.47 (0.92; 2.36)
Shortest (<965m) 1 1 1 1 
Model 2 - Distance to nearest fast food restaurant   
Farthest (>1835m) 1.39 (0.81; 2.40) 0.82 (0.49; 1.37) 1.03 (0.63; 1.68) 1.03 (0.61; 1.73)
Intermediate (940 
to 1835m) 1.27 (0.77; 2.10) 0.98 (0.61; 1.58) 1.08 (0.69; 1.71) 1.40 (0.87; 2.24)
Shortest (<940m) 1 1 1 1 
Model 3 - Distance to nearest convenience store   
Farthest (>1090m) 0.99 (0.57; 1.72) 0.85 (0.50; 1.44) 1.15 (0.70; 1.90) 0.93 (0.55; 1.56)
Intermediate (545 
to 1090m) 0.98 (0.59; 1.63) 0.87 (0.54; 1.40) 1.23 (0.78; 1.96) 1.02 (0.63; 1.64)
Shortest (<545m) 1 1 1 1 
Density measures     
Model 4 - Density of supermarkets    
Lowest 1.11 (0.63; 1.93) 1.20 (0.70; 2.05) 0.63 (0.37; 1.05)‡ 0.91 (0.53; 1.58)
Intermediate 0.87 (0.52; 1.48) 1.38 (0.84; 2.29) 0.78 (0.48; 1.26) 1.40 (0.85; 2.29)
Highest 1 1 1 1 
Model 5 - Density of fast food restaurants   
Lowest 1.22 (0.68; 2.22) 1.19 (0.67; 2.11) 0.52 (0.30; 0.91)† 1.11 (0.63; 1.98)
Intermediate 1.01 (0.59; 1.74) 1.24 (0.74; 2.08) 0.60 (0.36; 0.99)† 1.10 (0.66; 1.84)
Highest 1 1 1 1 
Model 6 - Density of convenience stores   
Lowest 1.02 (0.55; 1.91) 1.25 (0.69; 2.27) 0.44 (0.25; 0.80)† 0.93 (0.51; 1.70)
Intermediate 1.17 (0.68; 2.04) 1.19 (0.70; 2.03) 0.60 (0.36; 1.02)‡ 1.15 (0.68; 1.95)
Highest 1 1 1 1 
Retail food environment measures    
Model 7 - 1 km buffer RFE index    
≥ 2 (27.3%) 0.90 (0.58; 1.42) 0.93 (0.61; 1.43) 1.01 (0.67; 1.52) 1.35 (0.89; 2.05)
< 2 (72.7%) 1 1 1 1 
Model 8 - 3 km buffer RFE index    
≥ 2.5 (26.2%) 0.77 (0.49; 1.21) 0.94 (0.62; 1.44) 0.88 (0.59; 1.33) 1.22 (0.80; 1.87)
< 2.5 (73.8%) 1 1 1 1 
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*Separate logistic regression models for each main exposure and each outcome, adjusted for 
child's age, sex, parental education, household income, residential neighbourhood material 
deprivation and residential population density. 
§When treated as a continuous outcome, farthest (vs. shortest) distance to the nearest fast food 
restaurant was associated with V&F intake (Beta=0.50, 95% CI: 0, 1.00); and 3 km RFE index 
≥ 2.5 (vs. less) was associated with V&F intake (Beta=-0.40, 95% CI: -0.81, 0.005). 
†p≤0.05; ‡p≤0.10 




Table 3. Covariate-adjusted associations (OR and 95% CI) between measures of the 
school neighbourhood food environment and dietary outcomes in the QUALITY study* 
 
 
≥ 5 servings of 





beverages / day 
(n=489) 
Eating/snacking 




out food ≥ once / 
week 
 (n=502) 
Proximity measures    
Model 1 - Distance to nearest supermarket   
Farthest (>1565m) 1.03 (0.63; 1.68) 0.93 (0.56; 1.55) 1.05 (0.67; 1.65) 1.14 (0.70; 1.86) 
Intermediate (670 
to 1565m) 1.26 (0.77; 2.06) 1.00 (0.62; 1.62) 1.20 (0.79; 1.81) 1.14 (0.73; 1.78) 
Shortest (<670m) 1 1 1 1 
Model 2 - Distance to nearest fast food restaurant   
Farthest (>1460m) 1.18 (0.66; 2.10) 0.87 (0.51; 1.48) 1.23 (0.79; 1.94) 1.34 (0.84; 2.14) 
Intermediate (680 
to 1460m) 1.59 (0.95; 2.64)‡ 0.77 (0.48; 1.23) 1.39 (0.89; 2.17) 1.22 (0.77; 1.93) 
Shortest (<680m) 1 1 1 1 
Model 3 - Distance to nearest convenience store   
Farthest (>834m) 1.13 (0.66; 1.91) 0.99 (0.58; 1.68) 1.10 (0.69; 1.77) 1.08 (0.68; 1.71) 
Intermediate (370 
to 835m) 1.10 (0.68; 1.81) 1.48 (0.91; 2.39) 0.94 (0.61; 1.47) 0.69 (0.43; 1.10) 
Shortest (<370m) 1 1 1 1 
Density measures     
Model 4 - Density of supermarkets    
Lowest 0.99 (0.55; 1.78) 1.37 (0.74; 2.51) 0.63 (0.37; 1.06)‡ 0.97 (0.56; 1.67) 
Intermediate 0.82 (0.49; 1.35) 1.64 (0.96; 2.79)‡ 0.78 (0.48; 1.28) 1.55 (0.91; 2.64) 
Highest 1 1 1 1 
Model 5 - Density of fast food restaurants   
Lowest 1.59 (0.85; 2.94) 0.97 (0.54; 1.75) 0.85 (0.50; 1.47) 1.25 (0.71; 2.20) 
Intermediate 1.25 (0.69; 2.25) 1.06 (0.64; 1.76) 0.96 (0.58; 1.57) 1.53 (0.93; 2.50)‡
Highest 1 1 1 1 
Model 6 - Density of convenience stores    
Lowest 1.34 (0.69; 2.60) 1.04 (0.56; 1.93) 0.71 (0.38; 1.35) 0.75 (0.41; 1.35) 
Intermediate 1.39 (0.80; 2.41) 0.98 (0.59; 1.61) 0.81 (0.47; 1.41) 1.03 (0.61; 1.73) 
Highest 1 1 1 1 
Retail food environment measures    
Model 7 - 1 km buffer RFE index    
≥ 2 (21.9%) 0.63 (0.39; 1.04)‡ 0.96 (0.60; 1.51) 0.74 (0.47; 1.15) 0.93 (0.61; 1.41) 
< 2 (78.1%) 1 1 1 1 
Model 8 - 3 km buffer RFE index    
≥ 2.5 (22.9%) 0.67 (0.41; 1.08)‡ 1.61 (1.01; 2.56)† 0.83 (0.53; 1.30) 1.25 (0.81; 1.91) 
< 2.5 (77.1%) 1 1 1 1 
* Separate GEE (generalized estimating equations) model with logit link function for each 
main exposure and each outcome, adjusted for child's age, sex, parental education, household 
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income, school neighbourhood material deprivation and school neighbourhood population 
density 
†p≤0.05; ‡p≤0.10 
§When treated as a continuous outcome, 3 km RFE index ≥ 2.5 (vs. less) was associated with 
V&F intake (Beta=-0.50, 95% CI: -0.91, -0.09) 




Table 4. Covariate-adjusted associations (OR and 95% CI) of residential and school 
neighbourhood densities of food establishments and dietary outcomes in children living 
more than 1.5 km from their school, QUALITY study 
 
 
≥ 5 servings of 
V&F / day 
 
(n=189) 
> 50mL sugar- 
sweetened 
beverages / day 
(n=189) 
Eating/snacking 




out food ≥ once / 
week 
(n=191) 
Residential environment*    
Model 1 - Density of supermarkets    
Lowest 1.01 (0.38; 2.69) 1.00 (0.38; 2.63) 0.66 (0.25; 1.72) 1.27 (0.44; 3.66) 
Intermediate 0.79 (0.33; 1.88) 1.32 (0.56; 3.12) 0.70 (0.30; 1.63) 2.13 (0.86; 5.31)‡ 
Highest 1 1 1 1 
Model 2 - Density of fast food restaurants   
Lowest 0.91 (0.32; 2.53) 1.69 (0.62; 4.64) 0.67 (0.25; 1.79) 3.45 (1.10; 10.84)†
Intermediate 0.67 (0.27; 1.65) 1.22 (0.51; 2.95) 0.79 (0.34; 1.87) 1.81 (0.70; 4.73) 
Highest 1 1 1 1 
Model 3 - Density of convenience stores   
Lowest 0.71 (0.24; 2.08) 1.53 (0.53; 4.40) 0.32 (0.11; 0.93)† 1.78 (0.57; 5.60) 
Intermediate 0.56 (0.21; 1.45) 1.45 (0.57; 3.69) 0.41 (0.16; 1.05)‡ 1.67 (0.62; 4.51) 
Highest 1 1 1 1 
School environment**    
Model 4 - Density of supermarkets    
Lowest 1.70 (0.63; 4.60) 0.72 (0.28; 1.88) 0.76 (0.31; 1.90) 0.80 (0.26; 2.48) 
Intermediate 1.06 (0.49; 2.30 1.01 (0.45; 2.26) 1.17 (0.54; 2.53) 1.49 (0.60; 3.71) 
Highest 1 1 1 1 
Model 5 - Density of fast food restaurants   
Lowest 2.87 (1.16; 7.10)† 1.04 (0.46; 2.37) 1.63 (0.70; 3.82) 1.51 (0.58; 3.93) 
Intermediate 0.87 (0.34; 2.21) 1.31 (0.54; 3.19) 1.76 (0.83; 3.72) 2.84 (1.16; 6.97)† 
Highest 1 1 1 1 
Model 6 - Density of convenience stores    
Lowest 2.21 (0.76; 6.47) 0.58 (0.20; 1.68) 1.26 (0.47; 3.35) 0.53 (0.16; 1.81) 
Intermediate 0.93 (0.37; 2.37) 0.70 (0.25; 1.92) 1.19 (0.53; 2.69) 0.98 (0.32; 3.04) 
Highest 1 1 1 1 
* Separate logistic regression models for each exposure and each outcome, adjusted for child's 
age, sex, parental education, household income, residential neighbourhood material 
deprivation, and residential population density 
**Separate GEE (generalized estimating equations) models with logit link function for each 
exposure and each outcome, adjusted for child's age, sex, parental education, household 
income, school neighbourhood material deprivation, and school neighbourhood population 
density 
†, p≤0.05; ‡, p≤0.10 
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Objective: To examine associations between characteristics of neighborhood built and 
social environments and likelihood of obesity among family triads living at the same 
residential address and to explore whether these associations differ between family 
members. 
Methods: Data were from the baseline wave of QUALITY (Quebec Adipose and 
Lifestyle Investigation in Youth), an ongoing study on the natural history of obesity in 
630 Quebec youth aged 8-10 years with a parental history of obesity. Weight and 
height were measured in children and both biological parents and body mass index 
(BMI) was computed. Residential neighborhood environments were characterised 
using a Geographic Information System and in-person neighborhood audits. Principal 
components analysis allowed for identification of overarching neighborhood indicators 
including poverty, prestige, level of urbanicity, traffic, physical disorder and 
deterioration, and pedestrian friendliness. Multilevel logistic regressions were used to 
examine associations between neighborhood indicators and obesity within multiple 
family members residing at the same address while controlling for household-level 
sociodemographic variables. 
Results: A total of 417 families were included in analyses. Families residing in lower 
and average prestige neighborhoods were more likely to be obese (OR = 1.69, 95% CI: 
1.16, 2.44, and OR = 1.51, 95% CI: 1.09, 2.11, respectively) than those residing in 
higher prestige neighborhoods. Residing in lower traffic neighborhoods was associated 
with less obesity (OR = 0.69, 95% CI: 0.50, 0.95). Other neighborhood indicators may 
have differential effects across family members. For example, as neighborhood poverty 
increased, obesity was more likely among children but less likely among fathers and no 
different for mothers. 
Conclusion: Findings indicate that some shared neighborhood exposures are 
associated with greater risk of obesity for entire families whereas other exposures may 
heighten obesity risk in some but not all family members. Patterns may reflect 





KEYWORDS: body mass index; built environment; familial risk; neighborhood 




Over the past 20 to 30 years, the prevalence of overweight and obesity has increased 
worldwide in all age groups.1, 2 Although the prevalence of obesity may have plateaued 
in North America,3, 4 it remains much too high and has resulted in increased weight-
related morbidity including diabetes, cardiovascular diseases, and some forms of 
cancer.5 Features of residential neighborhood environments have been increasingly 
studied because of their possible role in the development and maintenance of obesity in 
both children6-8 and adults.9-11 It has been hypothesized that neighborhood 
environments may offer opportunities or barriers that can influence energy balance and 
subsequent weight gain by facilitating maintenance of physical activity and dietary 
recommendations.12, 13 
 
The built environment has been defined as all aspects of physical environments 
that are created or modified by humans. It encompasses urban design (physical 
elements and their design within cities), land use (distribution of activities across 
space), and transportation systems (roads, bridges, sidewalks, etc.).14 Although there is 
some evidence to suggest that the built environment may influence excess weight 
through physical activity and dietary behaviors, existing literature does not allow for 
identification of the specific features of the built environment that are related to 
overweight and obesity.11  
 
In both children and adults, urban sprawl and low land use mix have been most 
consistently associated with excess weight.11, 15, 16 Specifically, neighborhoods 
characterized by low population density, low street connectivity, and homogeneous and 
segregated land use with few proximity destinations have been associated with more 
overweight/obesity.17-21 Such environments may be less conducive to active 
transportation and leisure walking thus decreasing opportunities for physical activity 
behaviors.22-24 Similarly, dense street traffic within residential neighborhoods has been 
associated with obesity in adults25, 26 and in children.27-29 On the other hand, traffic 
calming measures such as speed bumps, lower speed limits, zebra crossings, and traffic 
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street lights have been found to facilitate walking which may favor healthier weight 
status.30-33 
 
In addition to the built environment, features of neighborhood social 
environments have been considered, although less often, as elements that could play a 
role in obesity.27 Studies on neighborhood social environments have focused on 
neighborhood socioeconomic status generally showing that residents of low 
socioeconomic status neighborhoods are more likely to be overweight/obese regardless 
of individual levels of socioeconomic status.34-38 Although socially disadvantaged 
neighborhoods were found to have high ‘walkability’ scores based on characteristics of 
urban design, socially disadvantaged neighborhoods also had higher crime and traffic 
related accidents, lower observer-perceived safety, and lower quality and maintenance 
of pedestrian infrastructures.39, 40 As a consequence, residents of low socioeconomic 
status neighborhoods may be more likely to be exposed to less safe neighborhoods and 
to physical disorder and deterioration while walking in their neighborhoods.40, 41 
 
To date, studies have typically examined the role of the built and social 
neighborhood environments on children and adults separately.42 However, studies have 
not examined associations within multiple family members exposed to the same 
residential neighborhood environment. Children and their parents residing at the same 
address share exposure to neighborhood environment characteristics that may make the 
entire family more or less likely to be obese. Alternatively, specific characteristics of 
neighborhood environments may be more relevant for some but not all family 
members. This study therefore aims to: 1) examine associations between characteristics 
of neighborhood built and social environments that have previously been associated 
with excess weight and the likelihood of obesity among family triads (child, mother, 
and father) living at the same address; and 2) explore whether these associations differ 




5.3 Subjects and Methods 
Subjects 
Participants were drawn from the QUALITY (Quebec Adipose and Lifestyle 
Investigation in Youth) study, an ongoing longitudinal investigation of the natural 
history of obesity and cardiovascular risk in youth with a history of parental obesity. 
Recruitment flyers were distributed to parents of children in Grades 2 to 5, in 1 040 
primary schools (89% of schools approached) located within 75 km of each of 
Montreal, Quebec City, and Sherbrooke (Quebec, Canada). Of 3350 interested families 
who contacted the research coordinator, 1320 met the study inclusion criteria. 
Eligibility criteria required participating children to be Caucasian, aged 8–10 years at 
recruitment and to have at least one obese biological parent (i.e., body mass index 
[BMI] ≥ 30 kg/m2 and/or waist circumference > 102 cm in men and > 88 cm in 
women, based on self-reported measurements of weight, height, and waist 
circumference), and both biological parents available to participate at baseline. Among 
eligible families, a total of 630 triads (including the participating child and both 
biological parents) completed the baseline visit between September 2005 and 
December 2008. Baseline data collection involved a clinic visit during which 
questionnaires were completed and biological and physiological measurements 
obtained. Written informed consent was obtained from parents, and assent was 
provided by children. The ethics review boards of Centre Hospitalier Universitaire 
Sainte-Justine and Laval University approved the study protocol. A detailed 
description of the study design and methods is available elsewhere.43 
 
Characteristics of the built and social environments in children’s residential 
neighborhood were obtained for the study baseline using a Geographic Information 
System (GIS) and in-person neighborhood audits only for children residing in the 
Montreal Metropolitan Area (n=512) due to feasibility reasons. The current study is 
thus restricted to children residing in the Montreal Metropolitan Area with both parents 




Measurement of Obesity 
Child and parent anthropometrics were measured according to standardized 
protocols44 with children and parents dressed in light indoor clothing without shoes, 
using a stadiometer for height and an electronic scale for weight. For children, Centers 
for Disease Control and Protection (CDC) based age- and sex-specific BMI percentiles 
were computed. Children were categorized as obese if their BMI was ≥ 95th percentile, 
and normal weight or overweight otherwise. For parents, BMI was computed as weight 
(kg) divide by height squared (m2); they were categorized as obese if their BMI was ≥ 
30 kg/m2 and normal weight or overweight otherwise. 
 
Measurement of Neighborhood Environment 
Three types of measures were used to characterize neighborhood environments 
at participating families’ exact residential addresses. First, 2006 Canadian Census data 
were used to obtain the following measures: % households living below Statistics 
Canada’s low income cut-offs, % single parent families, % unemployment, % residents 
with a university degree, % owner occupied houses, % who have moved in the past 
year and average residential housing value. For each measure, population-weighted 
proportions or averages of dissemination areas overlapping 500 m network buffers 
centered on family’s residential location (ego-centered areas)45 were computed using a 
GIS covering the study area. 
 
Second, neighborhood environment indicators were computed using land use 
information from CanMap (DMTI Spatial Inc., Markham, ON, Canada) also for 500 m 
network buffers centered on the family’s residential location. Indicators include 
residential density, presence of at least one park, % of the neighborhood area covered 
by parks (none, at least 5%, > 5%), number of three or more way intersections, total 
length of streets with normal traffic at rush hour, % streets that have high traffic at rush 
hour (none, at least 2%, > 2%) and total length of streets with high traffic at rush hour 




Third, in-person neighborhood audits were conducted by independent pairs of 
trained observers using an observation checklist adapted from an existing 
neighborhood assessment tool.46 Detailed audits were conducted for up to 10 street 
segments in the family’s immediate neighborhood, including the street segment where 
the residence is localized and up to 9 first and second degree connecting streets. When 
pairs of observers disagreed on their assessment, items were re-assessed by a third 
observer on another occasion. In rare circumstances when re-assessment was too 
unwieldy (e.g., neighborhood far away from the research center, or only a few 
discordant items for a specific neighborhood to justify revisiting it), consensus was 
obtained using Google Street View.47, 48 Lastly, and even less frequently, if Google 
Street View was not available for the area, one of the two discordant observations was 
randomly selected as the consensus answer. The latter was used in ≤ 0.6% of 
observations per item assessed (see Supplementary Table 1, p. 137 for details on the 
frequency each method to obtain consensus was used). Street segment level scores for 
each item were summed and divided by the total number of underlying street segments 
audited (maximum of 10) to produce measures of the proportion of street segments 
within the family’s immediate neighborhood with: presence of graffiti (none, at least 
20%, > 20% of street segments), presence of enough litter to fill up an average size 
disposable grocery bag, presence of at least one street segment where the roadway is in 
bad condition, presence of at least one street where over half of the buildings are in bad 
condition, speed limit at ≤ 30 km/hour (none, at least on 25%, > 25% of street 
segments), presence of all-direction stop signs at intersection (at least 30%, 31-60%, ≥ 
60% of street segments), presence of at least one mid-street segment stop sign, 
presence of at least one zebra crossing, and pedestrian crossing signs (none, at least on 
20%, > 20% of street segments). 
 
Statistical Analysis 
Descriptive analysis was conducted and distributions of variables were 
examined. Variables that were highly skewed were recoded as described above. 
Subsequently, three separate principal components analysis, one for each type of 
neighborhood data (i.e., census data, land use data, and in-person audit data) were 
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performed followed by an orthogonal (varimax) rotation to summarize the data into 
fewer meaningful components. Eigenvalues >1 as well as the interpretability of 
components were examined to determine the number of components to retain (see 
Supplementary Table 2, p. 138 for detailed principal components analysis results). For 
census data, two components were retained which explained 73% of the variance in 
variables, namely neighborhood poverty (e.g., % residents with low income) and 
neighborhood prestige (e.g., % residents with university education). For land use data, 
two components, neighborhood level of urbanicity (e.g., residential density) and 
neighborhood traffic (e.g., % streets with high traffic at rush hour) were retained which 
explained 65% of the variance in variables. Finally, two components were retained for 
neighborhood in-person audit data, neighborhood physical disorder and deterioration 
(e.g., % of streets where graffiti is visible) and neighborhood pedestrian friendliness 
(e.g., % streets with a pedestrian crossing sign) which explained 42% of the variance in 
variables. 
 
These six neighborhood indicators were then categorized into tertiles (low, 
average, high) and used in multilevel logistic regression analysis to examine 
associations between neighborhood environment indicators (using the highest level as 
reference category) and participants’ likelihood of obesity. Level-1 data included the 
outcome measurement for family triad members as well as two indicator variables to 
distinguish family members (mother vs. non-mother, father vs. non-father, with the 
reference therefore being the child). Level-2 data included neighborhood environment 
indicators described previously which were measured for each household at the 
family’s exact residential location. It further included household control variables, 
namely the highest level of education achieved by one or the other parent (mother and 
father with high school degree or less, mother or father with technical degree, mother 
or father with university degree). Sex and age of the child within the household were 





Finally, cross-level interactions were examined between each neighborhood 
environment variable and the two indicator variables distinguishing family members to 
explore whether or not associations differed across family members. Interaction terms 
were tested separately in custom models rather than in a full model to avoid 
overparameterization. However, household variables were controlled for in testing 
interactions. Interactions were considered statistically significant if they were 
associated with outcome variables at P < 0.05. All analyses were conducted with SAS 
version 9.2 (Cary, North-Carolina). 
 
5.4 Results 
Of the 512 children residing in the Montreal Metropolitan Area, 430 (84%) lived with 
both parents at the same address, of which 417 (97% of 430) had outcome measures for 
all family members. Among children, 21% were obese while 44% of mothers and 50% 
of fathers were obese (Table 1, p. 129). Fifty five percent of families had a male child 
participating in the study with a mean age of 9.57 years. Household and neighborhood-
level characteristics are shown in Table 2 (p. 130). 
 
Table 3 (p. 132) shows results from multilevel logistic regression analyses for 
family triads. In the fully adjusted model (model 5), mothers (OR = 2.98, 95% 
confidence interval (CI): 2.18, 4.07), and fathers (OR = 3.87, 95% CI: 2.84, 5.28) were 
more likely to be obese than their child but the likelihood of mothers and fathers being 
obese was about equal. Living in households where both parents have a high school 
degree or less compared to households where at least one parent has a university 
degree was associated with a greater likelihood for families to be obese (OR = 1.74, 
95% CI: 1.04, 2.90). Families residing in neighborhoods with lower and average 
prestige (vs. higher prestige) were more likely to be obese (OR = 1.69, 95% CI: 1.16, 
2.44, and OR = 1.51, 95% CI: 1.09, 2.11, respectively). Residing in a neighborhood 
with lower traffic (vs. higher traffic) was associated with a lower likelihood of being 
obese (OR = 0.69, 95% CI: 0.50, 0.95). Lower vs. higher level or urbanicity was 
marginally associated with obesity (OR = 1.39, 95% CI: 0.95, 2.04) while 
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neighborhood poverty, signs of physical disorder and deterioration, and pedestrian 
friendliness were not associated with obesity in main effects models. 
 
Statistically significant interactions were found between lower neighborhood 
poverty and being a father (p=0.003), between lower neighborhood signs of physical 
disorder and deterioration and being a father (p=0.046) or mother (p=0.03), and 
between average pedestrian friendliness and being a mother (p=0.04). Plots of these 
interactions suggest unique gradients between neighborhood poverty and obesity for 
children and their fathers while obesity appears more or less constant by level of 
neighborhood poverty for mothers (Figure 1a, p. 134). As neighborhood poverty 
increased, the likelihood of obesity increased among children while it decreased among 
fathers. Similarly, while the likelihood of obesity increased in children with increasing 
signs of physical disorder and deterioration within neighborhoods, obesity remained 
more or less constant in mothers and fathers (Figure 1b, p. 134). Lastly, for both 
children and fathers, the highest likelihood of obesity was found in areas with average 
neighborhood pedestrian friendliness while in mothers it was found in neighborhoods 
with higher pedestrian friendliness (Figure 1c, p. 135). 
 
5.5 Discussion 
We examined associations between characteristics of neighborhood built and social 
environments and the likelihood of obesity in a sample of family triads (child and both 
biological parents) living at the same address and who by design present a higher than 
average prevalence of obesity. Families residing in lower prestige neighborhoods were 
more likely to be obese while families residing in neighborhoods with less traffic were 
less likely to be obese. Exploratory analyses revealed that while some associations 
between neighborhood exposures and obesity were not different between family 
members (i.e., neighborhood prestige and traffic), others may be differentially 
associated with obesity across family members (i.e., neighborhood poverty, physical 




To our knowledge, this is the first study that investigated the relationship 
between neighborhood exposures and obesity within multiple family members residing 
at the same address. Overall, observed associations were consistent with current 
research on obesogenic neighborhood environments and health in children and adults 
studied separately. As previously reported, residing in socioeconomically 
disadvantaged neighborhoods has been associated with excess weight in adults49-51 and 
in children.37, 52-54 In this study, more prestigious neighborhoods were those where the 
average residents’ levels of education and residential housing values were highest. A 
previous study reported that of the range of measures of neighborhood socioeconomic 
status, neighborhood level of education was most strongly associated with 
cardiovascular disease risk factors among adults.55 The lack of an interaction between 
neighborhood prestige and family members suggests that obesity is equally affected for 
all family members. Moreover, adding additional neighborhood variables to the model 
with neighborhood prestige resulted in little change in the odds ratios associated with 
the latter suggesting that elements of the social and built environment may have 
independent effects on familial obesity.56  
 
The lack of a main effect of neighborhood poverty on familial obesity could be 
related to the overall affluence of families within the QUALITY study. Results from 
exploratory analyses presented here suggest that the effect of neighborhood poverty on 
obesity may differ between family members. One explanation for the inverse gradient 
seen between children and fathers and the lack of an effect among mothers could be 
that children compared to adults have more limited activity spaces and may therefore 
be more adversely influenced by poverty within their residential neighborhood 
environment.10, 42 Findings were similar for neighborhood signs of physical disorder 
and deterioration as for neighborhood poverty. This is expected since physical disorder 
and deterioration (i.e., graffiti, litter, roads and buildings in bad condition) are more 
likely to occur in lower socioeconomic status neighborhoods.57, 58 In our data, 





We found that residing in neighborhoods with lower traffic was associated with 
a lower likelihood of obesity compared to residing in neighborhoods with higher 
traffic. Lower traffic has been shown to be associated with more favorable weight 
profiles in children and adults.25, 26, 29 The lack of interactions between traffic and 
family members suggests that children and parents alike may be at increased risk for 
obesity when residing in neighborhoods with heavy traffic. The latter may render 
walking and outdoor physical activity less easy and less pleasant for all family 
members thereby reducing energy expenditure and favoring excess weight gain. It 
could also be that neighborhood traffic affects obesity and related health behaviors in 
younger children through their parents’ concerns about traffic who would typically 
decide on children’s outdoor activities.33 
 
Although pedestrian friendliness defined as the presence of traffic calming 
measures and other measures to facilitate access to pedestrians was not associated with 
obesity, examination of interactions suggested that patterns of associations may be 
different for mothers compared to children and their fathers. Although all residing at 
the same address, this finding may reflect differences in the way in which residential 
neighborhood environments are used by each family member. For example, mothers 
with school-aged children may have less residual time to personally take advantage of 
pedestrian supportive residential environments. However, findings related to cross-
level interactions should be regarded as exploratory and interpreted with caution given 
the number of interactions tested resulting in an increased risk for type-1 error. Future 
studies are needed to confirm these findings. 
 
Consistent with previous findings, we found a non-statistically significant 
inverse association between level of urbanicity and the likelihood of familial obesity.11, 
15, 16 The tendency towards greater obesity in less urbanized neighborhoods was similar 
for all family members. The higher odds of obesity among parents compared to 
children is expected due to the study design that required at least one parent to be obese 
while a similar inclusion criteria was not applied to children.43 Finally, it is unlikely 
that observed associations could be confounded by potential genetic factors shared 
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between family members since genetic factors are not expected to be associated with 
characteristics of the built and social neighborhood environment, although genetic 
factors could explain part of the clustering of obesity within family members. 
 
Strengths of this study include the availability of standardized measures of 
height and weight to compute BMI for children and both biological parents. The use of 
multilevel analysis to control for the shared variance in obesity (genetic or 
environmental in origin) between family members is also a strength of the study. 
Moreover, objective measures including GIS-derived and observer rated data were 
used to characterize neighborhoods, and both neighborhood and individual/household 
level characteristics were considered. Limitations include the cross-sectional design, 
the relative affluence of families within the QUALITY cohort which may limit 
generalizability of findings, and the possibility of residual confounding as 
sociodemographic control variables had to be included as household-level rather than 
individual-level predictors. 
 
Together these findings suggest that shared neighborhood exposure to lower 
area-level prestige and higher traffic may put families as a whole at greater risk of 
obesity. Other neighborhood exposures such as poverty, physical disorder and 
deterioration, and pedestrian friendliness may influence the risk of obesity in some but 
not all family members. Community-level interventions and policies aimed at 
modifying neighborhoods to encourage healthy weights may thus provide benefits 
beyond the specifically targeted audience. For example, efforts to reduce traffic in 
residential neighborhoods may decrease the risk of obesity in children as well as in 
their parents, thus benefiting different segments of the entire community. Similar 
benefits could be expected from policies aimed at minimizing social and material 
inequalities across neighborhoods. Future investigations are needed so as to better 
understand which population subgroups are most vulnerable to neighborhood built and 
social environment characteristics and how shared environmental exposures affect 
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Table 1. Characteristics of children, mothers, and fathers in 417 families of the 








Obese, % (n)a 21.10 (88) 43.65 (182) 49.88 (208) 
Age, years, mean (SD) 9.57 (0.90) 40.49 (4.85) 42.50 (5.75) 
Sex, boys, % (n) 54.68 (228) - - 
Abbreviations: SD, standard deviation. 
a Obese defined as Center for Disease Control age- and sex-specific body mass index ≥ 95th 
percentile in children, and body mass index ≥ 30 kg/m2 in mothers and fathers. 
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Table 2. Household and neighborhood-level characteristics of 417 families of the 




Highest level of education of either parent, % (n)  
Mother and father with high school degree or less 7.45 (31) 
Mother or father with technical, vocational/trade school degree 36.54 (152) 
Mother or father with university degree 56.01 (233) 
% low neighborhood income, mean (SD) 7.32 (6.80) 
% neighborhood single-parent families, mean (SD) 15.46 (7.03) 
% neighborhood unemployment, mean (SD) 5.23 (3.03) 
% residents living less than 1 year in current residence, mean (SD) 10.63 (5.26) 
% neighborhood homeowners, mean (SD) 74.68 (25.40) 
% residents with university degree, mean (SD) 28.51 (15.37) 
Neighborhood residential value, $, mean (SD) 212 585 (59 989) 
Neighborhood residential density per hectare, mean (SD) 15.83 (16.16) 
Number of parks in neighborhood, mean (SD)* 1.10 (0.86) 
Number of parks in neighborhood, % (n)*  
0 25.42 (106) 
1 45.80 (191) 
≥ 2 28.78 (120) 
% neighborhood area that is covered with parks, % (n)  
0% 51.56 (215) 
> 0% to 5% 26.38 (110) 
> 5% 22.06 (92) 
Number of 3 or more way intersections, means (SD) 21.38 (10.98) 
Meters of streets with normal traffic at rush hour, means (SD) 292 768 (190 179) 
Proportion of streets with high traffic at rush hour, % (n)  
0% 29.98 (125) 
> 0% to 2% 47.72 (199) 
> 2% 22.30 (93) 
Total street length with high traffic at rush hour, % (n)  
0 m 29.98 (125) 
> 0 m to 1 500 m 34.29 (143) 
> 1500 m 35.73 (149) 
% of streets where graffiti is visible, % (n)  
0% 76.02 (317) 
> 0% to 20% 13.43 (56) 
> 20% 10.55 (44) 
Presence of large amount of litter on at least one street, % (n) 17.27 (72) 
Presence of at least one roadway that is in bad condition, % (n) 26.14 (109) 
Presence of at least one street where over half of the buildings are 
in bad condition, % (n) 
15.59 (65) 
% of streets where speed limit is ≤ 30 km/hour, % (n)  
0% 44.60 (186) 
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> 0 to 25% 30.70 (128) 
> 25% 24.70 (103) 
% of streets with an all-direction stop sign at intersection, % (n)  
≤ 30% 29.26 (122) 
> 30 to 60% 34.29 (143) 
> 60% 36.45 (152) 
Presence of at least one street with a mid-street segment stop sign, 
% (n) 
5.28 (22) 
Presence of at least one street with a zebra crossing, % (n) 12.95 (54) 
% streets with a pedestrian crossing sign, % (n)  
None 68.82 (287) 
> 0 to 20% 19.18 (80) 
> 20% 11.99 (50) 
*Discrepancies in the distribution of variables ‘Number of parks in neighborhood’ and ‘% Of 
neighborhood that is covered with parks’ are due to incomplete park data from the Geographic 
Information System that generated the latter variable. The actual number of parks was updated 
during in-person neighborhood audits. 




Table 3. Associations between neighborhood environment, household characteristics and obesity in 417 families of the 
QUALITY study in 2005-2008.a 
 
 OR (95% CI) 
 Model 1 Model 2 Model 3 Model 4 Model 5 
Interceptb 0.22 (0.12) 0.20 (0.12) 0.20 (0.12) 0.18 (0.12) 0.19 (0.12) 
Level-1 variables      
Family member      
Mother 2.91 (2.15; 3.96)** 2.91 (2.14; 3.96)** 2.94 (2.16; 4.00)** 2.97 (2.18; 4.05) ** 2.98 (2.18; 4.07) ** 
Father 3.75 (2.77; 5.09)** 3.76 (2.77; 5.11)** 3.80 (2.80; 5.18) ** 3.85 (2.83; 5.25) ** 3.87 (2.84; 5.28) ** 
Child 1.00 1.00 1.00 1.00 1.00 
Level-2 variables      
Parental highest level of education      
Mother and father with high 
school degree or less  1.93 (1.19; 3.13) ** 1.67 (1.01; 2.74)** 1.72 (1.04; 2.82) ** 1.74 (1.04; 2.90) ** 
Mother or father with technical 
degree  1.33 (1.02; 1.74) ** 1.17 (0.88; 1.56) 1.19 (0.90; 1.59) 1.19 (0.89; 1.59) 
Mother or father with 
university degree  1.00 1.00 1.00 1.00 
Neighborhood poverty      
Low   0.96 (0.70; 1.31) 0.90 (0.62; 1.30) 0.91 (0.61; 1.35) 
Average   1.11 (0.80; 1.53) 1.00 (0.70; 1.43) 1.01 (0.70; 1.46) 
High   1.00 1.00 1.00 
Neighborhood prestige      
Low   1.58 (1.12; 2.22) ** 1.69 (1.17; 2.44) ** 1.69 (1.16; 2.44) ** 
Average   1.44 (1.04; 1.98) ** 1.50 (1.08; 2.09) ** 1.51 (1.09; 2.11) ** 
High   1.00 1.00 1.00 
Level of urbanicity      
Low    1.32 (0.91; 1.92) 1.39 (0.95; 2.04)* 
Average    0.92 (0.64; 1.31) 0.94 (0.65; 1.35) 
High    1.00 1.00 
Traffic      
Low    0.70 (0.50; 0.95) ** 0.69 (0.50; 0.95) ** 
Average    0.81 (0.59; 1.12) 0.79 (0.57; 1.09) 
High    1.00 1.00 
Physical disorder and deterioration      
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Low     0.84 (0.58; 1.23) 
Average     1.01 (0.72; 1.42) 
High     1.00 
Pedestrian friendliness      
Low     0.78 (0.57; 1.08) 
Average     0.92 (0.66; 1.27) 
High     1.00 
Abbreviations: CI, confidence interval; OR, odds ratio; SD, standard deviation. 
a Multilevel data of members (child, mother, father) are nested into families living at the same address (variables in the same column are 
simultaneously introduced into the model).  
b For the intercepts, estimates (standard errors) are presented for each model. For the null model, the estimated intercept was 0.095 with 





Figure 1. Probability of obesity as a function of neighborhood environment 
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a Probability of being obese plotted for a family where the child is a girl aged 9.57 years and 
where the mother or father within the household as a technical degree as level of education. 
Interaction terms were statistically significant for lower neighborhood poverty and being a 
father (p=0.003), lower neighborhood signs of physical disorder and deterioration and being a 
father (p=0.05) or mother (p=0.03), and for average pedestrian friendliness and being a mother 
(p=0.04). 
 




Table S1 describes inter-rater reliability for in-person neighborhood audits which were 
conducted for a total of 4 330 street segments. When pairs of observers disagreed on 
their assessment, three methods were used consecutively to select the consensus 
answer: in-person reassessment, assessment using Google Street View, and random 
selection of consensus answer. 
Table S2 presents results from three separate principal components analysis, one for 
each type of neighborhood data set used (i.e., census data, land use data, and observer 
data). Rotated factor loadings and total variance in data explained by components 
obtained through each principal component analysis are shown. Specifically, 
neighborhood poverty is defined by a high proportion of residents with income below 
the low income cut-offs, single parent families, unemployment, high mobility (more 
people who have lived ≤ 1 year at their current residence), and a low proportion of 
residents who own their home. The low income cut-offs (LICOs) 2  are income 
thresholds below which a family will likely devote a larger share of its income on the 
necessities of food, shelter and clothing than the average family. The approach is 
essentially to estimate an income threshold at which families are expected to spend 20 
percentage points more than the average family on food, shelter and clothing.1 
Neighborhood prestige is defined by a high proportion of residents who are university 
educated and more expensive residences. Neighborhood degree of urbanicity is defined 
by a high residential density, greater number of parks and neighborhood area covered 
with parks, many street intersections and streets with normal traffic at rush hour. 
Neighborhood traffic is defined by many streets (total length and proportion) with high 
traffic at rush hour. Neighborhood physical disorder and deterioration is defined by the 
presence of graffiti, litter, and deteriorated roadways and buildings. Lastly, 
neighborhood pedestrian friendliness is defined by streets with lowered speed limits, 
the presence of stop signs (all-direction at intersections and mid-street stop signs), 
zebra crossings, and pedestrian crossing signs. 
                                                 




Table S1. Agreement between observers 1 and 2 (kappa coefficients) for selected 
items of the in-person neighborhood assessment tool and methodsa used to obtain 
consensus a total of 4 330 street segments around the residences of 512 families from 



























Graffiti visible on street 
segment 
0.50 (0.45; 0.55)b 2.8 3.6 0.05 
Presence of enough litter 
to fill up one average 
size grocery bag 
0.33 (0.26; 0.40) 1.5 2.5 0 
Condition of roadway on 
street segment 
0.49 (0.47; 0.52) b 5.1 18.4 0.6 
Condition of buildings 
visible from street 
segment 
0.47 (0.44; 0.50) b 3.7 11.5 0.5 
Presence of speed limit 
of ≤ 30 km/hour on 
street segment 
0.86 (0.83; 0.88) 0.6 2.6 0.07 
Presence of all-direction 
stop sign at intersection 
0.88 (0.87; 0.89) 1.0 3.9 0.2 
Presence of mid-street 
segment stop sign 
0.79 (0.67; 0.90) 0.09 0.3 0.02 
Presence of a zebra 
crossing at intersection 
0.83 (0.81; 0.86) 0.5 2.0 0.2 
Presence of a pedestrian 
crossing sign at 
intersection 
0.77 (0.73; 0.81) 0.6 2.0 0 
a When independent pairs of observers disagreed on their assessment, items were re-assessed 
by a third independent observer on another occasion. If re-assessment was too unwieldy (e.g. 
neighborhood far away from the research center, or only a few discordant items for a specific 
neighborhood to justify revisiting it), consensus was obtained using Google Street View. If 
Google Street View was not available for the area, the consensus answer was selected 
randomly between the two discordant answers. 
b Weighted Kappa coefficient. 
 138 
 
Table S2. Rotated factor loadings and total variance in data explained by components 
obtained through three separate principal component analyses for the residences of 417 
families from the Quality study in 2005-2008. 






Component 1: Neighborhood poverty  
% residents with low income 0.84 
% single parent families 0.79 
% unemployment 0.77 
% home ownership -0.93 
1 year mobility 0.65 
Component 2: Neighborhood prestige  
% residents with university degree 0.94 
Average residential value 0.95 
Total variance explained by components 1 and 2 72.6% 
   
Land use 
data 
Component 1: Neighborhood degree of urbanicity  
Neighborhood residential density 0.73 
Number of parks in neighborhood 0.66 
Neighborhood area that is covered with parks 0.74 
Number of 3 or more way intersections 0.72 
Meters of streets with normal traffic at rush hour 0.69 
Component 2: Neighborhood traffic  
Total street length with high traffic at rush hour 0.96 
% streets with high traffic at rush hour 0.96 
Total variance explained by components 1 and 2 65.0% 






Component 1: Neighborhood physical disorder and 
deterioration 
 
% of streets where graffiti is visible 0.72 
Presence of litter on at least one street 0.71 
Presence of at least one roadway that is in bad condition 0.64 
Presence of at least one street where over half of the 
buildings are in bad condition 
0.71 
Component 2: Neighborhood pedestrian friendliness  
% of streets where speed limit is ≤ 30 km/hour 0.60 
% of streets with an all-direction stop sign at 
intersection 
0.46 
Presence of at least one street with a mid-street segment 
stop sign 
0.54 
Presence of at least one street with a zebra crossing 0.61 
% streets with a pedestrian crossing sign 0.73 
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Background: Few studies consider how risk factors within multiple levels of influence 
operate synergistically to determine childhood obesity. We used recursive partitioning 
analysis to identify unique combinations of individual, familial, and neighborhood 
factors that best predict obesity in children, and tested whether these predict 2-year 
changes in body mass index (BMI). 
Methods: Data were collected in 2005-2008 and in 2008-2011 for 512 Quebec youth 
(8-10 years at baseline) with a history of parental obesity (QUALITY study). CDC 
age- and sex-specific BMI percentiles were computed and children were considered 
obese if their BMI was ≥95th percentile. Individual (physical activity and sugar-
sweetened beverage intake), familial (parental obesity, socioeconomic status), and 
neighborhood (disadvantage, prestige, and presence of parks, convenience stores, and 
fast food restaurants) factors were examined. Recursive partitioning was used to 
classify participants into varying risk subgroups; associations between group 
membership and BMI percentile at 2-year follow up were examined using linear 
regression. 
Results: Recursive partitioning yielded 7 subgroups with a prevalence of obesity equal 
to 8%, 11%, 26%, 28%, 41%, 60%, and 63%, respectively. The 2 highest risk 
subgroups comprised i) children not meeting physical activity guidelines, with ≥1 BMI 
defined obese parent and 2 abdominally obese parents, living in disadvantaged 
neighborhoods without parks and, ii) children with these characteristics, except with 
access to ≥1 park and with access to ≥1 convenience store. Group membership was 
strongly associated with BMI at baseline, but did not systematically predict change in 
BMI. 
Conclusion: Findings support the notion that obesity is predicted by multiple factors in 
different settings and provide some indications of potentially obesogenic environments. 




KEYWORDS: body mass index; built environment; familial risk; food environment 
neighborhood characteristics; obesity; physical activity; recursive partitioning analysis; 




Childhood obesity has reached epidemic proportions worldwide[1] and its health 
consequences are considerable.[2] Obesity is a complex condition in which a myriad of 
risk factors interact within and between several levels of influence.[3] Social ecological 
frameworks posit that childhood obesity is influenced by energy intake and 
expenditure patterns, which are embedded within the familial and wider community 
contexts.[4-6] An understanding of the multiple levels of influence and of how factors 
within different levels of influence interact and operate synergistically to determine 
obesity is unfortunately still lacking. 
 
At the individual level, regular intake of sugar-sweetened beverages[7] and 
physical inactivity[8] have been associated with childhood obesity. Through shared 
genetics and lifestyles, parental obesity has been identified as a risk factor for childhood 
obesity.[4, 9, 10] Within neighborhoods, parks, sports and recreational facilities, and 
the presence of nearby convenience stores and fast food restaurants have been 
associated with childhood obesity, albeit inconsistently.[6, 11-14] Neighborhood 
disadvantage has been more consistently associated with childhood obesity.[15, 16] 
 
Individual, familial, and neighborhood factors may have synergistic effects on 
childhood obesity.[17, 18] To test hypotheses regarding synergistic effects (i.e., effect 
modification), interaction terms in regression models are typically used.[18] However, 
this approach is not ideal for modeling more complicated nonlinear associations. An 
alternative non-parametric method consists of using recursive partitioning analysis, 
which has gained popularity as a means of multivariate data exploration in various 
fields.[19] Recursive partitioning produces a classification tree following a series of 
binary splits dividing children into higher- and lower-risk subgroups for a given 
outcome based on a number of predictor variables.[20] In addition to its intuitive 
appeal, recursive partitioning methods are particularly useful to examine higher order 
interactions, for example between multiple individual and neighborhood 
characteristics.[21] Therefore, the primary objective of this study is to determine 
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optimal combinations of individual, familial, and neighborhood environment 
characteristics that best predict obesity among children using recursive partitioning 
analysis. A secondary objective is to examine whether the resulting classification is 




Participants were drawn from QUALITY (Quebec Adipose and Lifestyle 
Investigation in Youth), an ongoing longitudinal investigation of the natural history of 
obesity and cardiovascular risk in Quebec youth. At baseline, 630 participants aged 8 
to 10 years were recruited using school-based sampling (2005-2010). Eligibility 
criteria, verified over the phone, required participating children to have at least 1 obese 
biological parent based on parent-reported measurements of weight, height, and waist 
circumference (i.e., BMI ≥30 kg/m2 and/or waist circumference >102 cm in men and 
>88 cm in women). At the baseline clinic visit, parental anthropometrics were 
measured. Thirty-five children had no obese parents based on measured BMI or waist 
circumference, likely due to self-report measurement error or to weight loss between 
the initial contact and the baseline visit; these families were nevertheless retained since 
inclusion criteria were based on self-reports and since children still had at least 1 
borderline obese parent. A 2-year follow-up assessment was completed in 2008-2011. 
Characteristics of residential neighborhood environments were assessed at baseline for 
participants residing in the Montreal Metropolitan Area (n=512) to which this study is 
restricted. The ethics review boards of CHU Sainte-Justine and Laval University 
approved the study protocol. A detailed description of the study design and methods is 
available elsewhere.[22] 
 
Measurement of Individual Characteristics 
Child anthropometrics were measured at baseline and follow-up using 
standardized protocols.[22] Centers for Disease Control and Prevention age- and sex-
specific BMI percentiles were computed. Children were categorized as obese if their 
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BMI was ≥95th percentile. Pubertal development stage was assessed by a nurse using 
the 5-stage Tanner scales,[23, 24] and was dichotomized as pre-pubertal (Tanner 1) Vs 
puberty initiated (Tanner >1) for both baseline and follow-up. 
 
Intake of sugar-sweetened beverages was measured using mean values of 3 24-
hour diet recalls conducted by trained dieticians on non-consecutive days including 1 
weekend day.[25] Except in unusual circumstances, the recalls were collected within a 
4-week period following the baseline clinic visit. Diet recall interviews were done by 
telephone with the child and then confirmed with the parent who prepared the meals. 
Reported foods were entered into CANDAT (London, Canada) and converted to 
nutrients using the 2007b Canadian Nutrient File.[26] Intake of sugar-sweetened 
beverages was computed as the mean daily mL of soft drinks and other sugar-
sweetened drinks, excluding juices made from real fruits. Given a substantial positive 
skewness in its distribution, the variable was dichotomised to >50 mL/day 
(approximately 1 soft drink can per week) Vs less. 
 
Participants’ physical activity (PA) was measured using a uniaxial activity 
monitor (Actigraph LS 7164 activity monitor, Actigraph) for 7 days during the week 
following the baseline clinic visit. A minimum of 4 days with ≥10h of wear time was 
required for data to be retained.[27] The Actigraph cut-offs proposed by Evenson et al. 
were used to define moderate to vigorous PA (MVPA).[28] Based on Canadian PA 
guidelines, children achieving a mean of at least 60 minutes of MVPA per valid day 
were classified as active. 
 
Measurement of Familial Characteristics 
At baseline, parents’ weight, height, and waist circumference were measured 
using standardized protocols.[22] Two parental obesity variables were examined: BMI 
defined obesity (BMI ≥30 kg/m2) and abdominal obesity (waist circumferences >88 cm 
for mothers and >102 cm for fathers).[29] For both variables, children were 
categorized as having none, 1 or 2 obese parents. Highest parental educational 
attainment and total annual household income adjusted for the number of people living 
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in the household were obtained from parent-completed questionnaires during clinic 
visits. 
 
Measurement of Neighborhood Environment Characteristics 
Neighborhood environments were characterised using a geographic information 
system (GIS) for the study area. Canadian Census data from 2006 were used to obtain 
the following measures: % residents with a university degree, average value of owner 
occupied residences, % households living below Statistics Canada’s low income cut-
offs,[30] % single parent families, % unemployment, % who have moved in the past 
year and % owner occupied residences. For each measure, population-weighted 
proportions or averages of Census dissemination areas overlapping 500 m network 
buffers centered on the child’s residential address were computed. These variables 
were then reduced to 2 components using principal components analysis, namely 
neighborhood disadvantage and neighborhood prestige, and then categorized into 
tertiles.[31] 
 
The GIS also provided information on food establishments located within 500 
m network buffers around the residence based on data from an exhaustive list of 
businesses and services located in the region in May 2005 acquired from Tamec Inc. 
All businesses were geocoded using DMTI GeoPinPoint, version 2007.3.[32] Children 
were categorised as living within ≥1 convenience store (Vs not) and within ≥1 fast 
food restaurant (Vs not) within 500 m network buffers centered on their residence. 
 
Lastly, the presence of parks was computed using land use information from 
CanMap (DMTI Spatial Inc.). Information from GIS identified parks was subsequently 
validated by in-person neighborhood assessments during which independent pairs of 
trained observers walked every street within 500 m network buffers centered on 
participants’ residences. Parks were defined as public open spaces in which children 
could engage in active play. Participants were classified as having or not ≥1 park 





Recursive partitioning was used to identify subgroups of participants that varied 
in terms of obesity using the RPART routine available in the R statistical 
environment.[33] This non-parametric regression method produces a classification tree 
following a series of non-sequential top-down binary splits. The tree-building process 
starts by considering a set of predictor variables and selects the variable that produces 2 
subsets of participants with the greatest purity (i.e., where participants within each 
subset are most alike in terms of the outcome). Two factors are considered when 
splitting a node into its daughter nodes: the goodness of the split and the amount of 
impurity in the daughter nodes.[34] The splitting process is repeated until further 
partitioning is no longer possible and terminal nodes have been reached. Because the 
resulting tree is typically large, difficult to interpret, and may over-fit to the data, 
pruning techniques are used to reduce the size of the original tree by eliminating 
selected branches from later splits. This is done using cost-complexity measures and 
cross-validations to assess the predictive performance of several reduced subtrees. The 
final classification tree is a subtree of the original tree that is most predictive of the 
outcome and has the lowest cross-validated error.[19]  
 
Observations that have missing values on a predictor variable are not discarded 
from the analysis. Instead, these observations are ignored for the computation of the 
impurity index when that variable is being considered as a splitting variable, but they 
are included in subsequent computations. To do so, a surrogate variable that best 
predicts the missing splitting values is used to determine the classification of 
observations with missing values to either daughter node (see Strobl et al. for 
details[19]). 
 
In this study, 9 variables were submitted to the recursive partitioning process, 
based on evidence for associations with childhood obesity: 2 individual variables 
(sugar-sweetened beverage intake, meeting PA guidelines), 4 familial variables 
(number of BMI defined obese parents, number of parents with abdominal obesity, 
parental education, household income), and 5 neighborhood environment 
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characteristics (disadvantage, prestige, and presence of ≥1 park, fast food restaurant, 
and convenience store). The Gini index was used as an indicator of node purity which 
reaches its minimum for perfectly pure nodes (the desired result) and its maximum 
when cases are distributed evenly between classes at a given node.[19] A 10-fold 
cross-validation technique was used to prune the tree; the best tree was based on the “1 
–SE” rule in which the cross-validated error estimate is no more than 1 standard error 
(SE) larger than the best tree.[19, 35] This resulted in classification trees with 7 
terminal nodes (Figure 1). 
 
Multivariable linear regression models were subsequently used to examine 
associations between the categorical variable that represents the recursive partitioning 
subgroups (terminal nodes) and BMI percentile while controlling for age, sex, puberty, 
and parental education. The lowest risk subgroup was the reference category; the 
remaining subgroups were identified using 6 indicator variables. Finally, associations 
between subgroup membership and BMI percentile at follow-up were examined while 
adjusting for BMI percentile at baseline. These analyses were conducted with SAS 
version 9.3 (Cary, North-Carolina). 
 
6.4 Results 
Characteristics of study participants are provided in Table 1. Both at baseline 
and at follow-up, 23% of participants were obese (117/512 and 106/462, respectively). 
Thirty four percent of obese participants had initiated puberty at baseline compared to 
21% among non-obese participants. At follow-up, 77% of obese and 66% of non-obese 
participants had initiated puberty. Overall, more than half consumed >50mL of sugar-
sweetened beverage per day and obese participants were less likely to engage in ≥60 
minutes of MVPA daily. Familial characteristics varied according to obesity status in 
the expected direction with a greater proportion of obese children in lower 
income/education households, and in households with 2 obese parents (defined using 
BMI or waist circumference). Obese children more often lived in neighborhoods 




The classification tree showed sequentially increasing prevalence of obesity in 
its 7 terminal nodes (Figure 1). The lowest risk subgroup, Group 1 (i.e., reference), 
consisted of 132 participants with no BMI defined obese parent (8% obese). Group 2 
consisted of 97 participants with ≥1 BMI defined obese parent but who meet PA 
guidelines (11% obese). Group 3 consisted of 163 participants with ≥1 BMI defined 
obese parent, not meeting PA guidelines, and with ≤1 abdominally obese parent (26% 
obese). Group 4 consisted of 39 participants with ≥1 BMI defined obese parent, not 
meeting PA guidelines, with 2 abdominally obese parents, and living in a low 
disadvantage neighborhood (28% obese). Group 5 consisted of 37 participants with ≥1 
BMI defined obese parent, not meeting PA guidelines, with 2 abdominally obese 
parents, living in an average to high disadvantage neighborhood with ≥1 park and no 
convenience store (41% obese). Group 6 consisted of 25 participants with ≥1 BMI 
defined obese parent, not meeting PA guidelines, with 2 abdominally obese parents, 
living in an average to high disadvantage neighborhood with ≥1 park but also to ≥1 
convenience store (60% obese). Lastly, Group 7 consisted of 19 participants with ≥1 
BMI defined obese parent, not meeting PA guidelines, with 2 abdominally obese 
parents, living in an average to high disadvantage neighborhood with no access to 
parks or to convenience stores (63% obese). 
 
Recursive partitioning successfully generated subgroups that differed in obesity 
status. After adjusting for child’s age, sex, pubertal development stage, and parental 
education at baseline, children from Groups 2 to 7 had sequentially increasing BMI 
percentiles, varying from 12 [Group 2, B = 12.3 (95% confidence interval (CI): 5.3; 
19.3)] to 33 [Group 7, B = 32.7 (95% CI: 19.9; 45.4)] percentile points higher 
compared to children with no BMI defined obese parent (Group 1) (Table 2). 
 
Follow-up data were available for 462 participants. Of the 50 participants lost 
to follow-up, almost half (46% n=23) were lost from Group 3, of which 39% (n=9) 
were obese at baseline. Changes in BMI percentile between baseline and follow-up are 
shown in Tables 3 and 4. Only Group 3 (≥1 BMI defined obese parent, not meeting PA 
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guidelines, and with ≤1 abdominally obese parent) showed an increase in BMI 
percentile in comparison to Group 1 [B = 3.6 (95% CI: 0.5; 6.6)] (Table 3). 
 
6.5 Discussion 
Recursive partitioning, a novel method in the study of neighborhoods and 
health, was used to examine how specific risk factors jointly influence obesity among 
children. Risk factors from different levels of influence based on a social ecological 
framework were considered. In this sample characterised by an overall high prevalence 
of familial obesity, successively higher BMI percentiles were found in children who 
cumulated individual, familial, and neighborhood environment risk factors. However, 
limited evidence for associations with 2-year changes in BMI percentile was found. 
 
Classification trees are often unstable in the face of minor changes in the 
sample; using recursive partitioning in a different study sample is likely to yield a 
different classification tree. The relatively small data set used in this study further adds 
to the instability of the classification tree and yielded imprecise measures of 
associations, notably in the higher risk subgroups. Although findings may be difficult 
to reproduce, recursive partitioning allowed us to identify potentially highly 
obesogenic environments in the QUALITY study. Measures of associations reported in 
this study may be generalizable to Caucasian children with a parental history of 
obesity. 
 
Recursive partitioning is a valuable data exploration method in the study of 
neighborhoods and health. It allows for the detection of higher order interactions 
within the data which would be challenging to examine using Generalized Linear 
Models. Other strengths of this study include the use of objective measures of obesity 
in children and both biological parents, PA, and neighborhood environment indicators, 





It is well recognised in the literature that obesity is influenced by multiple risk 
factors stemming from multiple levels of influence, yet previous studies examined a 
limited range of risk factors simultaneously.[4] Recursive partitioning provides a 
unique method of analysis to generate hypotheses on how these multiple risk factors 
may jointly influence childhood obesity. In this analysis, individual and familial risk 
factors provided the greatest discrimination between obese and non-obese children by 
being selected as initial splitting variables. In contrast, neighborhood environment 
variables emerged only in later splits. These findings are consistent with previous 
studies which report more modest effects of neighborhood environments on obesity in 
comparison to individual-level risk factors.[36, 37] 
 
With respect to neighborhood characteristics, findings are consistent with the 
numerous studies that report more obesity among residents of socioeconomically 
disadvantaged neighborhoods.[15] At equal individual and familial risk and without 
consideration of subsequent splits, in this study sample the prevalence of obesity was 
almost twice as high among children living in socioeconomically disadvantaged 
neighborhoods (52%) compared to those living in low disadvantage neighborhoods 
(28%). Among children living in socioeconomically disadvantaged neighborhoods, 
elements of the built and food environment, namely access to parks and convenience 
stores, further determined obesity. Findings suggest that neighborhood environment 
characteristics previously associated with childhood obesity (i.e., access to parks and 
convenience stores[6, 11, 13, 38]) may be particularly influential for children who are 
already most vulnerable due to individual (i.e., physical inactivity) and familial risk 
factors (i.e., parental obesity). 
 
Convincing evidence for associations between the classification tree subgroups and 2-
year changes in BMI percentile was not found. Only children with ≥1 BMI defined 
obese parents, not meeting PA guidelines, and with ≤1 abdominally obese parents 
showed an increase in BMI percentile at follow-up. This was the subgroup with the 
largest number of participants. Although other subgroups had coefficients of change of 
similar magnitude (i.e., Group 5), detection of associations may have been limited by 
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the relatively small sample size. Selection bias may have resulted from the loss to 
follow-up of participants based on specific profiles of risk factors and on obesity. The 
duration of follow-up may have been insufficient to detect an effect on changes in 
BMI. Alternatively, determinants of obesity in cross-sectional associations may be 
different from those of  obesity development which could explain why some cross-
sectional findings are not reproduced in longitudinal analyses.[39] 
 
6.6 Conclusion 
Recursive partitioning allowed us to classify participants into qualitatively 
distinct subgroups based on a series of modifiable individual, familial and 
neighborhood environment risk factors. This provides some indications of potentially 
obesogenic environments and points to the “when, where, and for whom certain 
environmental attributes are most influential” on childhood obesity (p.101).[17] Future 
studies in larger samples and with longer durations of follow-up are needed to better 
understand how different combinations of risk factors jointly predict obesity. Findings 
contribute to the growing body of evidence that supports the need for multi-level and 
multi-setting population approaches to obesity prevention.[40] In particular, 
interventions aimed at modifying neighborhood environments may be most beneficial 
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Table 1. Distribution of individual, familial, and neighbourhood charactersitics 
according to obesity status (BMI ≥95th percentile) among QUALITY study participants 
at baseline (2005-2008). 
 
 Obese Not obese  
 (n=117) (n=395) P value* 
Individual characteristics    
Age, years, mean (sd) 9.7 (0.9) 9.6 (0.9) 0.11* 
Sex, boys, % (n) 51.3 (60) 55.4 (219) 0.43 
Puberty initiated at baseline, % (n) 33.6 (39) 21.0 (83) 0.005 
Puberty initiated at follow-up, % (n) 76.8 (76) 65.8 (237) 0.04 
Sugar-sweetened beverage intake >50ml/day, % (n)§ 65.8 (75) 55.7 (214) 0.06 
Meet physical activity guidelines, % (n)§§ 12.8 (12) 37.4 (127) <0.001 
BMI percentile at baseline, mean (sd) 97.8 (1.3) 60.3 (26.8) <0.001* 
BMI percentile at follow-up, mean (sd) 96.5 (5.1) 61.2 (27.3) <0.001* 
Familial characteristics    
Household income <25000$, % (n) 26.1 (30) 15.1 (59) 0.006 
Highest level of education of either parent, % (n)    
2 parents with high school degree or less 14.7 (17) 6.4 (25) <0.001 
≥1 parent with technical/vocational/trade school 
degree 
47.4 (55) 35.9 (141)  
≥1 parent with university degree 37.9 (44) 57.8 (227)  
Number of parents with BMI ≥30kg/m2, % (n)    
0 8.6 (10) 30.9 (122) <0.001 
1 62.4 (73) 52.4 (207)  
2 29.1 (34) 16.7 (66)  
Number of parents with abdominal obesity, % (n)    
0 4.3 (5) 10.1 (40) <0.001 
1 44.4 (52) 61.8 (244)  
2 51.3 (60) 28.1 (111)  
Mother’s BMI, kg/m2, mean (sd) 31.9 (7.3) 28.8 (6.2) <0.001* 
Father’s BMI, kg/m2, mean (sd) 32.9 (6.2) 30.2 (5.3) <0.001* 
Mother’s waist circumference, cm, mean (sd) 99.6 (15.6) 92.0 (13.9) <0.001* 





Neighborhood characteristics    
% residents with a university degree, mean (sd) 26.6 (14.4) 29.1 (15.5) 0.12* 
Residential value, $1000, mean (sd) 204 (52) 215 (61) 0.07* 
Neighborhood prestige, % (n)    
    Low 37.6 (44) 31.9 (126) 0.42 
    Average 33.3 (39) 33.4 (132)  
    High 29.1 (34) 34.7 (137)  
% households with low income, mean (sd) 8.0 (6.6) 7.3 (6.7) 0.29* 
% single parent families, mean (sd) 16.7 (7.0) 15.3 (7.1) 0.05* 
% unemployment, mean (sd) 5.3 (2.6) 5.2 (3.0) 0.72* 
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% 1 year mobility, mean (sd) 11.0 (5.2) 10.8 (5.4) 0.63* 
Home ownership, mean (sd) 67.8 (25.5) 74.5 (25.8) 0.08* 
Neighborhood disadvantage, % (n)    
    Low 25.6 (30) 35.4 (140) 0.09 
    Average 34.2 (40) 33.2 (131)  
    High 40.2 (47) 31.4 (124)  
≥1 park within 500 m, % (n) 68.4 (80) 74.9 (296) 0.16 
≥1 convenience store within 500 m, % (n) 35.9 (42) 26.8 (106) 0.06 
≥1 fast food restaurant within 500 m, % (n) 17.1 (20) 11.9 (47) 0.14 
 
Abbreviations: BMI, body mass index; QUALITY, Quebec Adipose and Lifestyle 
Investigation in Youth; sd, standard deviation 
* The P value of a t-test comparing mean values between obese and non-obese. 
§ Data missing on 14 (3 obese and 11 non-obese) participants 




Table 2. Unadjusted and adjusted associations (beta coefficients and 95% CI) between 
risk subgroups identified using recursive partitioning analysis and BMI percentile 
among 512 QUALITY study participants at baseline (2005-2008). 
 
 Beta (95% CI) 
Intercept 54.9 (50.4; 59.5) 78.4 (51.9; 105.0) 
Group 1 (n=132), obesity prevalence    7.6% Reference Reference 
Group 2 (n=97), obesity prevalence    11.3% 13.3 (6.3; 20.3) 12.3 (5.3; 19.3) 
Group 3 (n=163), obesity prevalence  26.4% 16.0 (9.8; 22.1) 15.8 (9.6; 22.0) 
Group 4 (n=39), obesity prevalence    28.2% 22.0 (12.4; 31.6) 22.6 (13.1; 32.1) 
Group 5 (n=37), obesity prevalence    40.5% 25.1 (15.3; 34.8) 23.8 (14.1; 33.5) 
Group 6 (n=25), obesity prevalence    60.0% 31.9 (20.4; 43.3) 31.8 (20.4; 43.1) 
Group 7 (n=19), obesity prevalence    63.2% 34.4 (21.6; 47.3) 32.7 (19.9; 45.4) 
Child’s age  -3.3 (-6.1; -0.5) 
Sex, boys (vs girls)  6.7 (1.5; 11.8) 
Puberty initiated at baseline (vs not initiated)  10.4 (3.9; 16.9) 
Parental education   
   ≥1 parent with university degree  Reference 
   ≥1 parent with technical/vocational/trade 
school degree 
 5.0 (0.1; 9.9) 
   2 parents with high school degree or less  7.6 (-1.1; 16.2) 
 
Abbreviations: CI, confidence interval; QUALITY, Quebec Adipose and Lifestyle 





Table 3. Unadjusted and adjusted associations (beta coefficients and 95% CI) between 
risk subgroups identified using recursive partitioning analysis and body mass index 
percentile among 462 QUALITY study participants at 2 year follow-up (2005-2011). 
 
 Beta (95% CI) 
Intercept 5.1 (1.9; 8.3) 1.8 (-13.9; 17.5) 
Child’s BMI percentile at baseline 0.9 (0.9; 0.9) 0.90 (0.9; 0.9) 
Group 1 (n=123), obesity prevalence   8.9% Reference Reference 
Group 2 (n=88), obesity prevalence   13.6% 1.4 (-2.0; 4.7) 1.5 (-1.8; 4.9) 
Group 3 (n=140), obesity prevalence 27.1% 3.8 (0.8; 6.8) 3.6 (0.5; 6.6) 
Group 4 (n=37), obesity prevalence   16.2% -0.1 (-4.6; 4.5) -0.1 (-4.7; 4.4) 
Group 5 (n=34), obesity prevalence   35.3% 3.7 (-1.0; 8.4) 3.8 (-1.0; 8.6) 
Group 6 (n=23), obesity prevalence   65.2% 1.1 (-4.5; 6.6) 1.0 (-4.6; 6.6) 
Group 7 (n=17), obesity prevalence   70.6% 2.9 (-3.4; 9.2) 2.5 (-3.8; 8.8) 
Child’s age at follow-up, years  0.1 (-1.3; 1.5) 
Sex, boys (vs girls)  0.7 (-1.8; 3.1) 
Puberty initiated at follow-up (vs not initiated)  2.6 (-0.3; 5.5) 
Parental education   
≥1 parent with university degree (reference)  Reference 
≥1 parent with technical/vocational/trade school 
degree 
 -0.03 (-2.4; 2.3) 
2 parents with high school degree or less  0.5 (-3.8; 4.8) 
Abbreviations: BMI, body mass index; CI, confidence interval; QUALITY, Quebec Adipose and 
Lifestyle Investigation in Youth 
 
Table 4. Distribution of obesity at baseline and 2-year follow-up according to 
subgroups identified using recursive partitioning analysis among 462 QUALITY study 









 BMI % at 
baseline 




BMI %   
(n)  % (n) Mean (sd) 
Group 1 (123)  7.3 (9) 8.9 (11) 56.1 (28.2) 55.8 (29.0) -0.3 (14.2) 
Group 2 (88)  11.4 (10) 13.6 (12) 67.0 (24.7) 67.0 (25.1) 0.01 (11.7) 
Group 3 (140)  24.3 (34) 27.1 (38) 70.3 (27.9) 72.4 (27.2) 2.1 (12.3) 
Group 4 (37)  27.0 (10) 16.2 (6) 76.2 (24.2) 73.8 (25.4) -2.3 (12.9) 
Group 5 (34)  38.2 (13) 35.3 (12) 78.8 (28.6) 80.0 (27.6) 1.1 (6.7) 
Group 6 (23)  60.9 (14) 65.2 (15) 87.2 (21.3) 85.0 (24.9) -2.3 (10.6) 
Group 7 (17)  58.8 (10) 70.6 (12) 88.3 (19.7) 87.7 (23.2) -0.56 (10.7) 
Total (462)  21.7 (100) 22.9 (106) 68.5 (28.1) 68.8 (28.3) 0.3 (12.4) 





Figure 1. Classification tree obtained from recursive partitioning analysis of individual, familial, and neighbourhood factors 
in 512 QUALITY study participants at baseline (2005-2008). 
 
Abbreviations: BMI, body mass index; MVPA, moderate to vigorous physical activity; QUALITY, Quebec Adipose and Lifestyle Investigation in 
Youth. 
*Variables not retained in the classification tree were intake of sugar-sweetened beverages, household income, parental education, neighborhood 















The overarching goal of this thesis was to ascertain the contribution of different 
features of neighbourhood environments in influencing obesity and antecedent health 
behaviours among children. In doing so, this thesis contributes to building the evidence 
needed to inform public health interventions to counteract obesogenic residential and 
school neighbourhood environments for children and their families. In addition to a 
discussion of the thesis findings and contributions, this chapter presents overall 
limitations and strengths, potential implications for public health as well as directions 
for future research, and ends with concluding remarks. 
 
7.1 Summary of main findings 
In the first analysis presented in Manuscript 1, associations between features of 
the residential and school neighbourhood food environment and children’s dietary 
intake and behaviours were examined. Overall, significant associations emerged, but 
results were generally weak in magnitude and not consistent across food environment 
measures. Specifically for residential neighbourhoods, a lower density of fast food 
restaurants and convenience stores was associated with a reduced likelihood of regular 
eating/snacking out. For school neighbourhoods, an overall greater number of 
unhealthy relative to healthy food establishments was associated with an increased 
likelihood of regular sugar-sweetened beverage intake. These findings suggest that 
greater neighbourhood access to food establishments that predominantly sell unhealthy 
foods (fast food restaurants and convenience stores) rather than limited access to food 
establishments that predominantly sell healthy foods (supermarkets) may be more of a 
concern for poor diets among children. 
 
In the second analysis, in addition to the neighbourhood environment, I focused 
on family-level influences as a means of further understanding the complex 
interactions between individual and environmental characteristics. Specifically, I 
examined how shared residential neighbourhood environment exposures influence 
familial obesity, and how children may be more or less vulnerable to obesity when 
exposed to the same neighbourhood characteristics as their parents. Findings show that 
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living in higher prestige neighbourhoods and in neighbourhoods where there is less 
road traffic is protective against obesity for the entire family. However, when 
examining individuals within families, neighbourhood disadvantage, signs of physical 
disorder and deterioration, and pedestrian friendliness appear to have a distinct impact 
on each family member. In particular, children appear more vulnerable to 
neighbourhood-level social and physical disadvantage than their parents. 
 
Finally, Manuscript 3 broadens the scope of investigation by incorporating the 
proposed conceptual framework even more comprehensively. Thus, the influence of 
neighbourhood and family environments, together with individual obesity related 
behaviours in children, were examined simultaneously in relation to childhood obesity. 
This allowed me to explore joint effects of these different levels of influence on 
obesity, as postulated in the thesis conceptual framework. Moreover, the third 
manuscript includes a longitudinal exploratory analysis. Results suggest that the 
likelihood of childhood obesity increases when risk factors from each level of 
influence are combined, and that features of obesogenic neighbourhood environments 
may be most deleterious for children who are especially vulnerable to obesity due to 
individual and familial risk factors. However, since these same combinations of factors 
were not associated with 2-year changes in obesity, overall findings point to different 
aetiological processes distinguishing the maintenance and the development of obesity. 
It is possible, that a longer duration of follow up would have demonstrated that these 
‘high risk combinations’ eventually led to the development of obesity. 
 
7.2 Thesis contributions 
 In light of the findings summarised above, I now discuss three themes that stem 
from this doctoral thesis: 1) taking stock of what has been learned on the proposed 
conceptual framework; 2) advancing methods in the study of neighbourhoods and 
health, and 3) taking into account the statistical analysis challenges of modeling 




7.2.1 What has been learned on the proposed conceptual framework 
This thesis is grounded into a social ecological approach to health. As such, it 
was postulated that childhood obesity is influenced by individual behaviours and 
characteristics, which are in turn influenced by characteristics of the familial and of the 
neighbourhood environment (see Figure 1 on p. 47). With this thesis, knowledge has 
been gained on three issues in relation to the proposed conceptual framework, namely 
the importance of simultaneously considering multiple levels of influence in studies on 
neighbourhoods and obesity, the potential impact of residential and non-residential 
neighbourhood environments in pediatric populations, and the influence of area-level 
socioeconomic status on obesity and antecedent health behaviours. 
 
First, the findings presented in this thesis reveal the importance of considering 
the influences of familial and individual characteristics within studies on 
neighbourhood environments and childhood obesity, and vice versa, to consider 
neighbourhood environments in studies on individual and familial risk factors of 
obesity. Social ecological models of health, which postulate cross-level interactions of 
influences, are commonly cited in the literature to illustrate the multifaceted influences 
of neighbourhood environments on obesity (Davison & Birch, 2001; Glanz et al., 2005; 
Sallis et al., 2006), and the most common suggestion for future research in related 
review studies was identified as the need to examine moderators of associations 
between neighbourhood environments and obesity (Ding & Gebel, 2012). Findings 
from this thesis support the notion that, for children, the familial context, which is in 
turn embedded into large societal contexts, including multiple neighbourhood 
environments, are implicated in the aetiological processes leading to obesity. This 
thesis provides conceptual support for multi-factorial interventions which 
simultaneously target multiple obesity risk factors from several levels of influence 
(Lobstein, Baur, Uauy, & IASO International Obesity Task Force, 2004). 
 
Second, in the proposed conceptual framework, it was postulated that 
characteristics of both residential and non-residential neighbourhood environments 
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were related to childhood obesity. The first manuscript considered residential and non-
residential environments, namely school neighbourhood environment, while the other 
two manuscripts focused on residential environments. Much of the previous research 
has been directed to residential environments at the expense of other geographic 
environments of exposure, an issue which has been termed the ‘residential trap’ 
(Chaix, 2009) and the ‘local trap’ (Cummins, 2007). Indeed, research on daily mobility 
has found that people are typically exposed to many environmental areas, and that 
focusing only on the local residential environment may lead to exposure 
misclassification due to failure to account for the cumulative exposure to different 
geographic areas (Kwan, 2009). This may be particularly relevant for adult 
populations; however, for children, the residential neighbourhood environment may 
well be the most important geographic area of exposure given that children are 
generally less geographically mobile than adults (Dunton et al., 2013; Papas et al., 
2007). Moreover, children living in urban areas typically attend a school in the vicinity 
of their residence, thus making it difficult to dissociate residential from school 
neighbourhood environments, as seen in the first thesis manuscript. Given the young 
age of participants, in-school environments may exert greater influence on children’s 
lifestyle behaviours and weight status (Harrison & Jones, 2012; Williams, Wyatt, 
Hurst, & Williams, 2012), and should be further investigated in the QUALITY study. 
 
Third, the profound role of area-level socioeconomic status on obesity and 
dietary behaviours is notable throughout this thesis. Indeed, in all three manuscripts 
associations between neighbourhood-level socioeconomic conditions and outcomes of 
interest emerge. In the first manuscript, area-level material deprivation, based on a 
composite score (Pampalon & Raymond, 2003), and household socioeconomic status 
were confounders of the associations between neighbourhood food environment and 
diet. In the second and third manuscripts, neighbourhood prestige and disadvantage 
scores were examined. Interestingly, neighbourhood prestige was found to be a 
determinant for obesity when entire families were considered. However, when 
examining family members individually, a positive gradient between neighbourhood 
disadvantage and obesity was found uniquely among children. Neighbourhood prestige 
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embodies university education and higher housing values, which likely favours 
knowledge and norms that promote healthy lifestyle behaviours. Adults may be more 
likely to be obese in the absence of these supportive community environments (Chaix 
et al., 2010; Turrell et al., 2010). In contrast, neighbourhood disadvantage is composed 
of lower incomes, more single parent families, higher unemployment, and greater 
residential instability. Children appear to be more likely to be obese in the presence of 
these negative neighbourhood attributes, which may be associated with fewer 
opportunities for safe outdoor active play (Carroll-Scott et al., 2013; Molnar et al., 
2004). Neighbourhood characteristics may thus contribute to widening or reducing 
health inequalities. This thesis contributes to the growing literature documenting area-
level social inequalities in obesity risk (El-Sayed, Scarborough, & Galea, 2012) and to 
the need for social and environmental interventions to counteract these inequalities 
(Woodman, Lorenc, Harden, & Oakley, 2008). 
 
7.2.2 Advancing methods to characterise neighbourhood 
environments 
As described in an earlier chapter of this thesis, several methods have been 
proposed to characterise neighbourhood environments. Through its use of in-person 
neighbourhood audits, this thesis contributes to advancing methods to characterise 
neighbourhood environments. Compared to objective measurements obtained through 
aggregated administrative data, in-person audits may provide more accurate 
descriptions of the neighbourhood features of interest and allow for the assessment of 
the more qualitative aspects of built environment infrastructures (e.g., sidewalks, 
parks) (Booth, Pinkston, & Carlos Poston, 2005). The first study that used in-person 
neighbourhood audits to examine correlates of obesity in adults was published over 10 
years ago (Giles-Corti, Macintyre, Clarkson, Pikora, & Donovan, 2003). However, this 
method of assessment is time and resource consuming, which may explain why it 




Objective data based on systematic neighbourhood audits and subjective data 
based on resident reports for the same underlying construct are of varying 
concordance, with levels of discordance depending on several factors including 
respondent and neighbourhood characteristics (Bailey et al., 2014; Moore, Diez Roux, 
& Brines, 2008). Given a recent review in which it was reported that findings were 
more consistent when neighbourhood environments were characterised using objective 
measures (Ding et al., 2011), this thesis focused on objective neighbourhood measures. 
By combining the advantages of two types of objective methods, this thesis contributes 
to improving the characterisation of neighbourhood environments, allowing for a richer 
description. 
 
7.2.3 Using statistics to model complex contextual effects 
Throughout my doctoral research, I have encountered several challenges in my 
attempts to model the complex relation between neighbourhood environments and 
obesity. One challenge relates to the fact that multiple neighbourhood constructs are 
intimately intertwined such that it may be difficult to disentangle their effects. As 
stated in the first manuscript, examining each neighbourhood food environment 
variable in a distinct model to overcome multicollinearity problems may have led to 
type-1 error. To overcome this difficulty in subsequent manuscripts, I have explored 
various increasingly sophisticated methods to handle multicollinearity between 
neighbourhood environment exposures. 
 
Data reduction using principal component analysis was used in the second 
manuscript. In order to distinguish measures conceptualised a priori as pertaining to 
distinct concepts, three different principal component analyses were used on three 
sources of data: one based on census derived socioeconomic status data, one based on 
geographically linked land use data, and one based on street-level characteristics 
obtained through in-person neighbourhood audits. This generated three conceptually 
distinct types of indicators, even though some correlation between components of 




An alternative statistical method to address multicollinearity between exposure 
variables, namely cluster analysis, was put to use in the context of a research internship 
on data involving adults living in the Paris Metropolitan Area (see Appendix F). 
Cluster analysis has since been applied to the QUALITY study neighbourhood data 
and examined in relation to childhood obesity (Barnett, Kestens, Van Hulst, Chaix, & 
Henderson, 2013). Although infrequently used in the study of neighbourhoods and 
health, cluster analysis allows for the construction of neighbourhood typologies that 
combine exposure to multiple environmental characteristics that are highly correlated 
and whose effects could not be separated through multivariable regression analysis 
(Adams et al., 2013; Jones & Huh, 2014; Pedigo, Seaver, & Odoi, 2011). 
 
Another challenge encountered during my doctoral research relates to 
identifying novel ways to incorporate the family environment within statistical models 
relating neighbourhood environments with childhood obesity. Although others have 
looked at neighbourhood determinants of child and parent obesity in separate analyses 
(Saelens et al., 2012), to my knowledge, the second manuscript of this thesis was the 
first one to describe fixed and random effects for neighbourhood environment 
exposures in relation to familial obesity. This analysis allowed me to take shared 
variance within families into account, for example variance related to familial genetics 
and lifestyle behaviours. Moreover, it allowed me to determine that compared to their 
parents, children are differentially vulnerable to some neighbourhood environment 
exposures, whereas other exposures relate to obesity equally for all family members.  
 
The unique influence of the familial environment on childhood obesity was 
further taken into account in the third manuscript by specifically examining the joint 
effect of familial and individual factors, in addition to neighbourhood factors, on 
childhood obesity. Again, very few studies were identified in which recursive 
partitioning had been used with neighbourhood data (Keegan et al., 2012; King et al., 
2006), and none incorporated measures from different levels of influence as postulated 




Overall, this thesis reflects an increased understanding of how complex 
neighbourhood effects can be described using ‘simple’ statistical models. Different 
analytic methods were used to address related yet distinct and increasingly complex 
research questions on how the characteristics of the places relevant to children matter 
to their health. Although increasingly complex research questions were addressed, I do 
not imply that any of the estimated effects reflect valid causal effects. As stated by 
Diez Roux, “although using the most appropriate model for the research question at 
hand is of course important, ultimately models are simply tools that help us describe 
the data. Inferring causality is a much more complicated process and requires more 
than statistical models” (p 1954) (Diez Roux, 2004). Overall, the fact that the same 
conclusions were reached despite the use of distinct analytic methods, and that findings 
are generally consistent with current research on obesogenic environments strengthens 




While limitations specific to each manuscript have been mentioned previously, 
overall limitations of this thesis are discussed in detail below. These relate to the study 
sample and design, and to the data used to characterise neighbourhoods.  
 
7.3.1 Study sample and design 
Data for this thesis were drawn from the QUALITY Cohort which was not 
specifically designed to study neighbourhood effects. Instead, the Residential and 
School Studies took advantage of the cohort’s existing infrastructure to study the 
influence of residential and school neighbourhood environments on a variety of health 
outcomes. As a consequence, the QUALITY study was not sampled with a priori 
hypotheses on neighbourhood effects. For example, neighbourhood-level sampling was 
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not used, making the use of multilevel analyses on residents nested within 
neighbourhoods less compelling. 
 
By design, the QUALITY Cohort is not representative of the general population 
of Quebec families with children aged 8-10 years, nor of the neighbourhoods within 
the Montreal Metropolitan Area. Eligibility was based on a number of criteria, 
including having at least one obese parent, and participation required a high degree of 
commitment on behalf of participating families, most notably that both parents had to 
accompany their child for a full-day baseline clinic visit. As is often the case in 
epidemiological studies, this may result in a highly selected and motivated sample 
which may differ substantially from the study source population. Although stringent 
inclusion/exclusion criteria may be beneficial for some aspects of the study (e.g., 
highly motivated families are more likely to collaborate with all aspects of data 
collection and to maintain participation at follow up), generalizability of findings may 
thereby be limited.  
 
Besides the high prevalence of obesity among participating QUALITY families, 
the latter were found to be more affluent than the general population and more likely to 
be dual-parent families (Lambert et al., 2012). Despite these differences, a range of 
neighbourhoods were included based on socioeconomic status, population density, and 
availability of neighbourhood resources, even though it is acknowledged that the 
variability in exposure variables of interest to this thesis are likely not representative of 
that of the source population or target population. For example, the most disadvantaged 
neighbourhoods within the Montreal Metropolitan Area were not included in the study. 
This may have led to an underestimation for measures of associations between 
neighbourhood socioeconomic status (and any related variable such as signs of 
physical and social disorder) and obesity given that the prevalence of obesity is 
generally higher in more disadvantaged neighbourhoods. As a consequence, some 
associations between neighbourhood exposures of interest, obesity and associated 




Nevertheless, since QUALITY participants have a high prevalence of obesity 
and are at increased risk of obesity due to a parental history of obesity, the Residential 
and School Studies offer advantages, namely in terms of statistical power, to 
investigate the impact of unfavourable neighbourhood environments among youth who 
are already particularly susceptible to obesity. 
 
In addition to its two cross-sectional analyses, this thesis includes one 
longitudinal analysis with data available at two time points. Although useful to 
generate etiological hypotheses, the cross-sectional study design is limited in terms of 
causal inference. The third manuscript was based on outcome data collected at two 
points in time which allowed for the examination of determinants of change in obesity 
but not of obesity trajectories. Moreover, the duration of the follow up was relatively 
short, and overall there was little change in weight status of participants over this 2-
year period. As in most longitudinal cohort studies, participants lost to follow up 
differed from those who remained in the study. Participants lost to follow up were 
more likely to have a younger mother, less educated parents, and to be obese at 
baseline. This likely led to some degree of underestimation for associations between 
socioeconomic status related variables and obesity. 
 
7.3.2 Data used to characterise neighbourhood environments 
In terms of data used to characterise neighbourhoods, the main limitation is the 
fact that the time of data collection for in-person neighbourhood audits and 
geographically linked data differs from the baseline period when health outcomes were 
first assessed. Baseline outcome data were collected between 2005 and 2008. In-person 
neighbourhood audits were for the most part conducted in 2008 and 2009, and 
geocoded data was minimally current up to 2004 with the majority of data updated in 
2006. As was noticed while conducting the neighbourhood audits, a number of 
QUALITY participants lived in new development areas which can be expected to 
change rapidly over a short period of time. For example, some neighbourhoods 
included newly developed streets and parks that had not been pre-identified on 
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observer maps, which were created using geocoded data available in MEGAPHONE. 
This most likely led to some degree of exposure measurement error for measures 
obtained from geographically linked administrative data. To limit measurement error 
related to outdated data, in-person audits were favoured over geocoded administrative 
data whenever two sources of data were available for a given neighbourhood measure 
(e.g., number of parks within 500 m of the residence). 
 
Another limitation relates to the limited inter-observer reliability of some items 
on the Neighbourhood Observation Checklist. Despite intensive training and 
simplification of the tool, some discordance remained, particularly for more subjective 
items such as the quality of infrastructures. When discordance was present, in many 
cases the ‘correct’ answer was ambiguous as was noted upon revisiting the 
neighbourhood. As mentioned previously, a protocol was put into place to deal with 
discordances. To start, a third observation on another occasion by an independent 
observer was favoured, followed by an assessment using Google Street View. Because 
these first options were not always available (e.g., neighbourhoods located far from the 
study center where Google Street View was not yet available), in rare cases, the correct 
answer had to be chosen randomly between the two observers’ responses. This may 
have led to some misclassification error. However, because the observers were blind 
with respect to the specific research questions and to the participants’ weight status and 
diet, misclassification is likely to be non-differential which, in most cases, would result 
in an underestimation of measures of associations since the majority of items were 
based on binary classifications. 
 
Lastly, neighbourhood environments were characterised at baseline only, and 
information on the duration of residence or on prior locations of residence was not 
available. As with most health outcomes, it can be expected that there is a certain lag 
effect between the time of exposure to given neighbourhood environment attributes 
and the development of obesity. It may well be that for some children, prior 
neighbourhood exposures than the ones identified at baseline set the trajectory towards 





 Beyond the strengths mentioned in each manuscript, several merits of this thesis 
are worth highlighting. First, the innovative statistical analysis methods pursued herein 
constitute an important strength of this thesis. Each method was selected to address 
increasingly complex research questions on how attributes of neighbourhood 
environments relate to childhood obesity and diet. Second, outcome data collected 
within the QUALITY study underwent detailed and extensive quality assurance 
procedures thereby minimising measurement error. Third, this thesis contributed to 
building the foundations for other analyses on neighbourhood environments and health 
within the QUALITY study through the development of neighbourhood indicators 
(e.g., material deprivation), the investigation of various statistical analysis methods, 
and by generating hypotheses based on cross-sectional data which will be tested in 
future longitudinal analyses of ongoing data collection. Lastly, although self-selection 
bias is an issue common to many studies on neighbourhoods and health, it may have 
been minimized to some extent in this thesis by focusing on children. As a reminder, 
self-selection bias occurs when people choose to live in a given type of neighbourhood 
based on individual-level characteristics. The choice of residential location is likely to 
be made by parents and not to be influenced by children’s patterns and preferences 
toward obesity related behaviours (Ewing et al., 2006). Although it is acknowledged 
that there are similarities within families with respect to obesity and related behaviours, 
and that parents likely transmit their attitudes towards obesity and related behaviours, 
these, or proxies thereof, were considered in analyses. 
 
7.5 Potential implications for public health and future 
research 
Potential implications for public health that arise from this thesis as well as 
future directions for research are now described. Three implications are discussed in 
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detail, namely the importance of population-wide approaches to childhood obesity 
prevention targeting area-level determinants of obesity, the need to recognise that the 
responsibility for obesity is not only that of individuals, and the need for action to 
modify the physical and social contexts that promote obesity, despite inconsistencies in 
findings from past research. 
 
This thesis points to specific attributes of children’s and their family’s 
neighbourhood environments that are associated with obesity and diet, and for which 
there is wider support from previous studies. Together, these findings highlight the 
importance of considering contextual determinants of obesity in prevention efforts. 
Understanding individual-level determinants of obesity remains essential, particularly 
for targeted prevention and to inform treatment efforts for children who are at risk of 
obesity or who already are obese. However, effective prevention of obesity is likely to 
also require a consideration of the broader contextual determinants, and how these 
interact with individual-level determinants, in generating obesity risk. Over the past 
years, a general shift in population distributions towards higher BMI values has been 
reported (Penman & Johnson, 2006; Shields, 2006). Whole population approaches as 
suggested by Geoffrey Rose (Rose, 2008) would aim to shift the entire population back 
to lower BMIs, for example by creating conditions within neighbourhood 
environments that encourage and support healthy lifestyles. Such population-wide 
interventions, combined with targeted prevention efforts, are expected to achieve best 
results in terms of obesity prevention (Ahern, Jones, Bakshis, & Galea, 2008). 
 
Potential implications can also be brought a step further so as to recognise that 
the responsibility for the obesity epidemic, and consequently its solutions, cannot rest 
solely on individuals. Although individuals are ultimately the ones ingesting foods and 
expending energy to varying degrees, these behaviours are shaped by influences 
beyond the individual, some of which were identified in this thesis. Just like recent 
reductions in tobacco smoking in some population subgroups, achieved through 
regulatory efforts, it has been suggested that obesity prevention will require similar 
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state-level involvement through policies and legislatures (Yach, McKee, Lopez, & 
Novotny, 2005). 
 
 Although past research on neighbourhood environments and obesity has shown 
inconsistencies in findings, this should not be taken as a reason to withhold actions 
aimed at creating healthy neighbourhood environments. Based on the precautionary 
principle, the best available evidence and scientific opinion consensus should be used 
to guide interventions (Lobstein & Baur, 2005). In line with this principle, a small 
number of population-based obesity prevention initiatives focusing on environmental 
planning and policies have shown promising impacts on obesity and related health 
behaviours (Kellou, Sandalinas, Copin, & Simon, 2014; Wolfenden et al., 2014).  
 
In order to continue to support such interventions, future research should focus 
on two types of studies: etiologic research and experimental research. Etiologic 
research is needed to build stronger evidence for promising and practical targets for 
population-based obesity prevention interventions. These studies should be based on 
longitudinal data, looking both at changes in neighbourhood environments and changes 
in obesity and associated health behaviours. They should also attempt to unravel the 
complex interactions between individuals and neighbourhoods so as to better 
understand “when, where, and for whom certain environmental attributes are most 
influential” on childhood obesity (Ding & Gebel, 2012)(p.101). Moreover, studies on 
individual and environmental risk factors of obesity in multinational population 
samples, as has recently been proposed (Katzmarzyk et al., 2013), would further 
strengthen the evidence needed for global obesity prevention strategies. Lastly, agent-
based modeling simulations will contribute in providing improved understanding of the 
mutual influences between individuals and their environments and how this impacts 
obesity and antecedent behaviours (Auchincloss & Diez Roux, 2008; Hammond & 
Ornstein, 2014). 
 
In terms of experimental research, the implementation of local pilot projects 
that target neighbourhood environments based on the best currently available evidence 
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should be stimulated and the means to evaluate these interventions should be provided. 
Notwithstanding potential threats to internal validity, both randomised community 
trials and quasi-experimental designs to evaluate neighbourhood-level interventions 
will likely provide some insight into estimates for causal contextual effects on obesity 
and antecedent behaviours. Together, findings from both etiologic and experimental 
research will point to potentially causal pathways through which individuals interact 




The prevalence of childhood obesity has increased dramatically over the past 30 
years in most parts of the world. Although recent reports have found some evidence 
that childhood obesity has stabilised or even decreased in some specific population 
subgroups, there has yet to be significant population wide decreases in childhood 
obesity. Moreover, even if somewhat stabilised, current prevalence of childhood 
obesity remains at 13% in Canada, a much too high figure that has already resulted in 
important health consequences and increased health care costs. Continued surveillance 
of obesity is warranted in order to confirm these initial encouraging findings; however 
they should not be taken as a reason to declare victory or to derail obesity prevention 
efforts. Instead, there continues to be an urgent need to identify population-level 
determinants of childhood obesity and associated health behaviours. The growing body 
of research that points to features of obesogenic neighbourhood environments in which 
children and their families live is starting to show promising targets for public health 
intervention. As demonstrated in this thesis, the places where children live, learn and 
play have attributes and offer material and social resources, some of which appear to 
be systematically associated with greater risks of obesity and unfavourable antecedent 
health behaviours among children. Most importantly, many of these place-bound 
attributes and resources can be modified in such a way as to make it easier for children 
and their families to adopt and maintain health promoting behaviours. Population-
based obesity prevention efforts wherein obesogenic risk factors located within 
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multiple levels of influences are targeted in a concerted way are required to achieve 
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Appendix A. The QUALITY cohort 
Figure 1. Recruitment and participation in the QUALITY study 
 
  
* Families were removed from study because child or parents was unable or refused to complete most or 
all of data collection for baseline assessment after providing consent to participate 
387 377 pamphlets distributed in 1040 primary 
schools (89% of schools approached accepted 
to distribute the pamphlets) 
1320 families met the 
eligibility criteria 
- Not eligible: 2030 (61%) 
Families seen for Visit 1: 634 families 
(48% of eligible families)  
- Chose not to participate: 686 (52%)  
Families invited for Visit 2: 630 
(512 living in the Montreal Metropolitan Area) 
- Refused participation to Visit 2: 47 
- Lost to follow up: 19 
- Removed from study by research team: 
4 (0.6%)* 
Families who completed Visit 2: 564 
(89% retention) 
3350 families contacted 
research coordinators to 
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Appendix C. Neighbourhood Observation Checklist 
 
Items 1 to 31 of the Neighbourhood Observation Checklist were completed for up to 
10 street segments in the participants’ immediate neighbourhood, including the street 
segment where the residence is localized and up to 9 first and second degree 
connecting streets. These items were adapted from the Montreal Neighbourhood 
Assessment Tool (MoNAT) 3  and the Systematic Pedestrian and Cycling 
Environmental Scan (SPACES) tool4. 
 
Items 1 to 12 of the General Impression Checklist were completed after observers 
had walked over all street segments within a 500 m network buffer centered on the 
child’s residence. These items were adapted from the Neighbourhood Active Living 
Potential assessment tool5. 
 
Electronic checklists were developed to complete assessments on a touch screen hand 
held computer. Observers were also provided with the following paper copy checklists 
as backup in case a problem occurred with the electronic questionnaires. 
                                                 
3 Paquet C, Cargo M, Kestens Y, Daniel M. Reliability of an instrument for direct observation of urban 
neighbourhoods. Landscape and urban planning. 2010;97(3):194-201. 
4 Pikora, T. J., Bull, F. C., Jamrozik, K., Knuiman, M., Giles-Corti, B., & Donovan, R. J. (2002). Developing a 
reliable audit instrument to measure the physical environment for physical activity. American Journal of 
Preventive Medicine, 23(3), 187-194. 
5 Gauvin L, Richard L, Craig C, et al. From walkability to active living potential. An "ecometric" validation 












Appendix D. Observer map 
 
This appendix presents a sample map that was used for a ‘test-neighbourhood’ during 
the training of the research assistants in preparation for the in-person neighbourhood 
assessments. 
 
The first map identified the 1 km circular buffer around the residence as well as the 
parks numbered in order of proximity to the residence. Although not shown in this test-
neighbourhood map, a 500 m road network buffer centered on the residence was 
delimited on the actual study participants’ maps. Observers completed the General 
Impression Checklist after having walked over all street segments contained within this 
buffer zone. 
 
The second map identified up to 10 street segments, each of which were assessed using 










Appendix E. Cluster analysis in neighbourhoods studies 
 
The following manuscript was prepared in the context of a research internship at the 
INSERM (Paris) under the supervision of Dr Basile Chaix. The analysis was based on 
data of the RECORD (Residential Environment and Coronary Heart Disease) Study. 
Although based on an adult population in Europe, the RECORD study included similar 
neighbourhood environment measures to those of the QUALITY study (geographically 
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Background: Studies of associations between neighborhood environments and blood 
pressure (BP) have relied on imprecise characterizations of neighborhoods. This study 
examines associations between SBP and DBP and a neighborhood typology based on 
numerous residential environment characteristics. 
Methods: Data from the RECORD Study involving 7290 participants recruited in 
2007–2008, aged 30 to 79 years, and residing in the Paris metropolitan area were 
analyzed. Cluster analysis was applied to measures of the physical, services and social 
interactions aspects of neighborhoods. Six contrasting neighborhood types were 
identified and examined in relation to SBP and DBP using multivariable linear 
regression, adjusting for individual/neighborhood socioeconomic status and individual 
risk factors for hypertension. 
Results: The neighborhood typology included suburban to central urban neighborhood 
types with varying levels of adverse social conditions. SBP was 2-3 mmHg higher 
among participants residing in suburban neighborhood types and in the urban with low 
social standing neighborhood type, compared to residents of central urban with 
intermediate social standing neighborhoods (reference). The association between 
residing in urban low social standing neighborhoods and SBP remained after adjusting 
for individual/neighborhood socioeconomic status and individual risk factors for 
hypertension. Overall, an inverse association between DBP and level of urbanicity of 
the neighborhood was observed, even after adjustment for individual risk factors for 
hypertension. 
Conclusions: Variations in BP were observed by levels of urbanicity and social 
conditions of residential neighborhoods, with different patterns for SBP and DBP. 
Population interventions to reduce hypertension targeted towards specific 
neighborhood types holds promise. 
 
KEY WORDS: blood pressure; built environment; cluster analysis; cohort study; 




Over the past 15 years, a considerable amount of literature has focused on links 
between neighborhood environments and behavioral and metabolic risk factors for 
cardiovascular diseases [1]. However, the published literature on effects of 
neighborhood exposures is much scarcer for cardiovascular disease risk factors such as 
hypertension, dyslipidemias, and diabetes than for physical inactivity and obesity [2]. 
 
Specifically with respect to blood pressure (BP), the majority of studies have 
focused on the impact of the socioeconomic status of residential neighborhoods [2]. 
Studies have generally shown that lower neighborhood socioeconomic status is 
associated with higher BP levels after adjusting for individual socioeconomic status [3-
9]. Other dimensions of the neighborhood environment have not been investigated as 
extensively. For example, with respect to the neighborhood physical environment, 
studies have focused mainly on the impact of air and noise pollution on BP [10-13] and 
few studies have examined links between features of the built environment and BP [14, 
15] despite growing evidence of its associations with excess weight, a known risk 
factor for hypertension [16]. With regards to the availability of services in the 
neighborhood, past studies have focused on the food environment (i.e., food stores and 
restaurants) and have reported mixed findings in relation to BP levels [14, 15, 17]. 
Lastly, with respect to social interactions in the neighborhood environment, studies 
have shown that elevated crime and perceived insecurity as well as low social cohesion 
and social capital are associated with elevated BP [14, 18]. 
 
There are limitations to existing work on neighborhood environments and 
hypertension. First, each study is restricted to a limited number of neighborhood 
dimensions; yet Chaix et al. [19] identified at least four distinct domains of 
neighborhood environmental factors: the physical environment, the services 
environment, the social interactions environment, and the sociodemographic 
environment. Second, studies have often failed to properly control for important 
neighborhood level confounders such as neighborhood socioeconomic status, which 
may result in spurious associations [20]. Third, studies have not adequately addressed 
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the fact that many neighborhood characteristics are strongly correlated with one 
another thus limiting ability to disentangle effects of one variable over another or to 
consider the combined effects of exposure to multiple co-occurring neighborhood 
environment conditions on BP. 
 
Given limitations in existing literature, we examined associations between SBP and 
DBP and a neighborhood typology based on a combination of several residential 
neighborhood environment characteristics. We improve on past efforts by: i) using data 
from a large, well-defined population-based cohort; ii) considering a large number of 
variables related to the physical, services, and social interactions environment; iii) 
constructing a typology of neighborhoods allowing us to assess the combined effect of 
neighborhood characteristics that are strongly correlated with one another; iv) 
controlling for neighborhood socioeconomic status to address neighborhood-level 
confounding; and v) assessing whether individual risk factors for hypertension may 




The RECORD Study (“Residential Environment and Coronary Heart Disease”, 
www.record-study.org) includes 7290 French residents recruited between March 2007 
and February 2008. The study benefited from free medical checkups, offered every five 
years by the French National Health Insurance System for Salaried Workers to all 
working and retired employees and their families. A convenience sample of 
participants was recruited during these two-hour preventive medical checkups 
conducted by the Centre d’Investigations Préventives et Cliniques in four of its health 
centers, located in the Paris metropolitan area. Eligibility criteria were: age 30–79 
years; ability to complete study questionnaires; and residence in one of the 10 (out of 
20) administrative divisions of Paris or 111 other municipalities selected in the 
metropolitan area. These territories were selected a priori to include suburban and 
urban areas from contrasted socioeconomic backgrounds. Participants completed 
questionnaires, provided biological specimens and underwent clinical examinations. A 
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detailed description of the study is available elsewhere [21, 22]. The study protocol 




During the medical checkup, supine brachial BP was measured by trained nurses 
three times in the right arm after a 10 minute rest period, using a manual mercury 
sphygmomanometer [23]. A standard cuff size was used, but a large cuff was 
employed if necessary. SBP and DBP were defined as the first and fifth Korotkoff 
phases, respectively, using the mean of the last two BP measurements [24]. In 
secondary analyses pulse pressure was defined as the difference between SBP and 
DBP. 
 
Individual sociodemographic variables 
Age was examined as a continuous variable. Education was divided in four 
categories: no education (low); primary and lower secondary education (middle-
low); higher secondary and lower tertiary education (middle-high); and upper tertiary 
education (high). Employment status was coded in four categories: employed, 
unemployed, retired, and other. Binary variables for financial strain and for residence 
ownership were obtained from self-report questionnaires. We followed the approach 
proposed by Beckman et al. [25] in attributing to each individual the 2004 Human 
Development Index of his/her self-reported country of birth, as a proxy of the country’s 
social development level. Following the United Nations Development Program [26], a 
binary variable was derived to distinguish participants born in low development 
countries (Human Development Index < 0.5) from those born in middle or high 
development countries (Human Development Index ≥ 0.5).  
 
Antihypertensive medication use 
Individual use of antihypertensive medication was determined by merging a 
national health insurance administrative database for all healthcare reimbursements in 
2006–2009 to the RECORD Study. A binary variable was created indicating whether 
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or not individuals had been reimbursed for any antihypertensive medication in the 
previous year. 
 
Risk factors for hypertension 
Family history of hypertension was self-reported. Participants were asked whether 
or not they engaged in physical activities equivalent to a total of 1 hour of walking 
throughout the day (including at work, for transportation, and during leisure time). 
Alcohol consumption was coded in four categories: never, former, light, and regular 
drinkers (>2 glasses per day for women and >3 glasses per day for men). For smoking 
status, we distinguished between never, former, and current smokers. Height (using a 
wall-mounted stadiometer) and weight (using a calibrated scale) were recorded by a 
nurse. Body mass index (BMI) was divided into three categories (normal: <25 kg/m2, 
overweight: 25 to <30 kg/m2, and obese: ≥30 kg/m2). Waist circumference was 
measured using an inelastic measurement tape placed midway between the lower ribs 
and iliac crests on the midaxillary lines, and was divided into three categories (<94 cm, 
94 to 102 cm, and >102 cm for men; <80 cm, 80 to 88 cm, and >88 cm for women). 
Resting heart rate was measured by ECG after a five to seven minute rest period and 
was subsequently divided into three categories: <60 bpm, 60 to 70 bpm, and ≥70 bpm 
(70 rather than 80 bpm was used as a cut-off because only 4.8% of participants had a 
resting heart rate ≥80 bpm).  
 
Neighborhood measures 
In order to create a meaningful and multidimensional neighborhood typology, we 
defined measures pertaining to the physical and services neighborhood environments 
using multiple methodologies including simple aggregation with classical database 
management software and geographic information systems. When possible, variables 
were computed for 500 m radius circular zones centered on the participants’ residence 
(ego-centered areas) [27]. Additional variables related to the physical and social 
interactions environments were derived through ecometric modeling techniques 
wherein individual responses from questionnaire data are aggregated for residents of a 
given neighborhood [28]. These variables were defined at the level of relatively broad 
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administrative units (Census areas) comprising a median of 10662 inhabitants (inter-
quartile range: 9164, 12279). Details on definitions and measurement approaches for 
neighborhood measures are described in Table 1. 
 
Regarding the neighborhood physical environment, the following variables were 
defined for 500 m radius zones (unless indicated otherwise): 1) two indicators of 
building characteristics (proportion of neighborhood area covered with buildings and 
mean building height); 2) four indicators describing the local street network (density of 
three or more-way street intersections, average street block length, link to node ratio, 
and route directness); 3) presence of a highway within 250 m of the residence; 4) two 
measures of road traffic-related pollution (concentrations of nitrogen dioxide and 
particulate matters); 5) exposure to air traffic noise at 1000, 2000, and 3000 m above 
the participant’s residence; 6) presence of a waste treatment facility; 7) surface area 
covered by parks and green spaces; and 8) presence of lakes or waterways. Two 
additional ecometric variables were considered: neighborhood active living potential 
and physical deterioration of the neighborhood. 
 
Indicators of the neighborhood services environment within 500 m radius circular 
zones include: total number of destinations; presence of historic monuments and other 
enjoyable sites; number of public transportation lines; presence of a commercial center; 
number of hypermarkets, supermarkets, and grocery stores; number of fruit and 
vegetable shops and stands; proportion of fast food restaurants among all restaurants; 
and number of sport facilities. Lastly, the proportion of incoming and outgoing traffic 
by public transportation rather than by car was obtained from a road traffic model for 
larger neighborhood areas. 
 
Indicators of the neighborhood social interactions environment include school 
violence near the residence; and ecometric variables each obtained from responses on 
three to four questionnaire items namely, neighborhood social cohesion; stressful 
social interactions among neighbors; neighborhood mistrust and hostility; and 
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stigmatized neighborhood identity based on participants’ claims of a poor 
neighborhood reputation. 
 
Finally, two neighborhood sociodemographic variables were computed using 2006 
census data for 500 m radius zones around the residence: the proportion of residents 
aged ≥ 15 years who completed university education used as an indicator of 
neighborhood socioeconomic status, and population density computed as the number 
of inhabitants per km2. A previous analysis of RECORD data demonstrated that 
neighborhood level of education was a much stronger determinant of blood pressure 
than other neighborhood socioeconomic variables [8]. 
 
Statistical analysis 
Definition of a neighborhood typology 
A two-step approach was used to define the neighborhood typology. In the first 
step, we selected a number of variables from the original list of neighborhood 
characteristics. To do so, factor analysis was performed on the variables listed in Table 
1 (with the exception of the neighborhood socioeconomic variable which was 
considered as a potential confounder in multivariable models, and population density 
which was used to describe the resulting clusters), using a varimax rotation and 
principal components extraction. A four-factor solution was selected based on Eigen-
values >1. Internal consistency of factors was also examined. We then retained only 
variables with factor loadings ≥0.75 for subsequent analyses. This allowed us to select 
variables that contributed the most to the underlying factors. A total of 13 variables 
were retained (see Table 2) which were then standardized (mean of 0 and standard 
deviation of 1). 
 
In the second step, cluster analytic methods were applied to the standardized 
variables selected in step 1, in order to identify unique neighborhood types for 
subsequent examination in relation to BP [29]. Hierarchical cluster analysis using 
Ward’s method starts with each multidimensional observation (neighborhood) as a 
single cluster and then repeatedly merges the next two closest clusters in terms of 
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Euclidian distances between observations until a single, all-encompassing cluster 
remains [30]. Application of this method results in a neighborhood typology wherein 
neighborhoods that are substantively comparable on selected characteristics are 
grouped together even though they are not necessarily geographically adjacent [31-35]. 
Following assessment of corresponding dendograms, we examined results for n=4 to 
n=7 clusters, attempting to identify substantively distinct neighborhood types 
appearing at each separation point. The results presented here with n=6 clusters were 
those representing the most contrasted neighborhood types with over half of the 
variation in selected neighborhood variables being accounted for (R2=0.55). 
 
Neighborhood typology and BP 
Multivariable linear regression was used to examine associations between 
neighborhood type and SBP and DBP. We used the most dense neighborhood type 
(highest population density) as the reference category to which we compared the 
remaining neighborhood types using five indicator variables. Models were adjusted for 
individual sociodemographic variables, use of antihypertensive medication, and family 
history of hypertension (Model 1), and subsequently for neighborhood level of 
education (Model 2). Lastly, models were adjusted for risk factors for hypertension that 
are potentially in the causal pathway (mediators) between neighborhood conditions and 
BP (Model 3). In secondary analyses associations between neighborhood type and 
pulse pressure were examined to support the interpretation of findings for SBP and 
DBP. Beta coefficients refer to the increase/decrease in mmHg of BP and pulse 
pressure associated with residing in specific types of neighborhoods in comparison to 




Descriptive statistics for the six neighborhood types are presented in Table 2. These 
neighborhood types correspond to: 1) Suburban, low social standing; 2) Suburban, high 
social standing; 3) Urban, low social standing; 4) Urban, high social standing; 5) 
Central urban, high social standing; and 6) Central urban, intermediate social standing 
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(reference category). They encompass suburban to central urban neighborhood types 
based on varying values of population density, land use, road traffic pollution, and 
available services. They also encompass neighborhoods with lower to higher social 
standing based on different values on measures of neighborhood social interactions. 
Appendix Figure S1 shows the geographical distribution of participants by 
neighborhood type. 
 
Characteristics of study participants by neighborhood type are presented in Table 3. 
Individual level of education was lowest in neighborhood Types 1 and 3, and highest in 
neighborhood Types 4, 5 and 6. Individual unemployment, financial strain, and birth in 
low Human Development Index country were more common in Type 1 neighborhoods. 
Individual risk factors for hypertension differed by neighborhood type: residents from 
Type 6 neighborhoods (Central urban, intermediate social standing) were more likely 
to be regular drinkers and smokers while residents from Type 1 neighborhoods 
(Suburban, low social standing) were more likely to be obese and have a high resting 
heart rate. On average, SBP and DBP were higher in the suburban (Types 1 and 2) and 
urban with low social standing (Type 3) neighborhoods. 
 
Results from multivariable linear regressions are presented in Tables 4 and 5 for 
SBP and DBP, respectively. After adjustment for individual sociodemographic 
variables, SBP was found to be 2 mmHg higher in participants residing in the two 
suburban neighborhood types [Type 1, 1.87 (95% CI: 0.18; 3.56) and Type 2, 1.87 
(95% CI: 0.65; 3.09)] and still more elevated in the urban with low social standing 
neighborhood type [Type 3, 3.05 (95% CI: 1.72; 4.38)], in comparison to the reference 
category. After adjustment for neighborhood socioeconomic status, these coefficients 
were generally attenuated but associations remained for Type 2 (Suburban high social 
standing) and Type 3 (Urban low social standing) neighborhoods. Moreover, in this 
model, an association appeared between residing in central urban with high social 
standing neighborhoods and SBP [Type 5, 1.60 (95% CI: 0.16; 3.03)]. After further 
adjusting for individual risk factors for hypertension, only residence in urban low 
social standing neighborhoods remained associated with SBP [Type 3, 2.11 (95% CI: 
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0.70; 3.52)]. For DBP, results from Models 1 and 2 showed a slightly different pattern 
of association (Table 5), with evidence of a regular increase in BP with decreasing 
urbanicity degree of neighborhood types. This pattern remained apparent (even if 
reduced in magnitude) after adjustment for individual risk factors for hypertension. 
 
Finally, as shown in Appendix Table S1, analyses for pulse pressure were coherent 
with patterns observed for SBP and DBP. Even after adjustment for 
individual/neighborhood socioeconomic status and individual risk factors for 
hypertension, we found that pulse pressure was higher in urban low social standing 
neighborhoods (where SBP was found to be higher), while pulse pressure was lower in 
suburban neighborhoods (where DBP was found to be higher). 
 
DISCUSSION 
The present study suggests that combined exposure to a number of conditions 
related to the physical features, available services, and social interactions of residential 
neighborhood environments is associated with SBP and DBP, after adjustment for 
individual and neighborhood socioeconomic conditions, and individual risk factors for 
hypertension. Specifically, residence in urban areas with low social standing remained 
associated with higher SBP, while residence in suburban and urban (vs. central urban) 
areas was associated with higher DBP, regardless of social standing. 
 
To our knowledge, this is the first study that used neighborhood clustering 
techniques to study associations between features of the neighborhood environment 
and BP. Cluster analysis allowed us to construct a typology and examine the combined 
exposure to multiple environmental characteristics that are highly correlated and whose 
effects could not be separated through multivariable regression analysis [29, 37]. By 
regrouping similar neighborhoods based on a multidimensional profile it is possible to 
examine the impact of a constellation of neighborhood environment features that may 




Additional strengths of this study include the large sample size and study territory 
allowing comparison of diverse neighborhoods, as well as the range of variables 
available to precisely characterize neighborhoods. Limitations include the cross-
sectional nature of the study design making it impossible to determine the 
directionality of associations. Additionally, it was demonstrated that the absence of a 
priori sampling in the recruitment of participants led to selective participation of 
subjects with certain neighborhood profiles, and a similar health-related selection 
cannot be discounted [22]. Thus, if participation is related to both neighborhood 
exposures and BP levels (or related health conditions) selection bias may result in 
under or overestimation of associations. Lastly, while BP measured in the supine 
position may influence interpretation of mean BP levels, it does not interfere with 
interpretation of measures of associations since a standardized protocol was followed 
for BP measurement in all study participants. 
 
Previous studies have reported that residents from more walkable neighborhoods, 
characterized by high land use mix, street connectivity and the presence of destinations 
to walk to have lower BP levels [14, 15]. Similarly, lower neighborhood population 
density has been associated with higher BP [39]. These findings are in line with our 
results showing that residents of suburban and urban neighborhoods had higher BP 
(especially higher DBP) compared to residents of central urban neighborhoods. The 
latter are characterized by a large number of destinations, a higher density of street 
intersections, and shorter street block lengths, and may be related to lower BP levels 
through their positive effect on regular walking [40]. Interestingly, the distribution of 
risk factors for hypertension differed according to neighborhood type, with a 
concentration of regular alcohol consumption and smoking in denser neighborhoods, 
and a concentration of obesity in more sparsely populated neighborhoods. 
 
Past studies also identified relationships between neighborhood socioeconomic 
conditions and BP, independently of individual socioeconomic status [3-9].  Previous 
work based on the RECORD Study comparing neighborhoods on the basis of three 
socioeconomic indicators showed that neighborhood education was more particularly 
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associated with SBP [8]. However, other dimensions of neighborhood environments 
had not been examined. Interestingly, in the current study the combined exposure to 
areas characterized both as urban (with a lower density of services than central urban 
areas) and as having deteriorated social interactions was found to be related to the 
greatest increase in SBP, even after adjustment for individual and neighborhood 
confounders. This suggests that SBP was particularly elevated in neighborhoods with 
adverse social interaction patterns, independently of neighborhood socioeconomic 
status. 
 
One hypothesis from the literature is that stressors experienced within the 
neighborhood environment in relation to social relationships relate to hypertension 
[41]. Our findings of a relationship between poor urban neighborhoods with stressful 
social interactions and SBP supports this hypothesis to some extent, even if our data do 
not demonstrate direct effects of neighborhood social interaction stressors with BP. 
 
Interestingly, patterns of associations were rather different for DBP, for which 
higher values were linked with decreasing urbanicity degree (captured by the 
neighborhood typology). Lower neighborhood socioeconomic status was related to 
higher DBP but (contrary to SBP) the association disappeared after controlling for 
individual risk factors for hypertension, while the association with urbanicity persisted. 
 
As “distal” exposures, features of the neighborhood environments are likely to have 
effects on BP that are mediated by more proximal behavioral risk factors such as 
physical activity and diet or related clinical risk factors such as obesity [8, 39, 42]. In 
our study, after adjustment for a number of individual risk factors for hypertension, 
associations between neighborhood type and SBP and DBP were attenuated but did not 
disappear entirely. However, this reduction in effect size does not imply that 
neighborhoods have little effect on BP, but that their effects partly operate through 
individual-level risk factors. Obesity explained most of the association between 
neighborhood factors and BP given that half the variance in SBP explained by 
individual-level risk factors was accounted for by BMI and waist circumference alone. 
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The study therefore suggests that interventions targeting neighborhood environments to 
increase the potential for healthy lifestyles may have substantial health benefits, 
including improvement in BP levels. Specifically, such interventions may have 
important impacts at the population level, even though individual level effects appear 
relatively small [43]. 
 
In this study, using cluster analysis in combination with regression analysis, we 
were able to examine associations between BP and a constellation of characteristics 
pertaining to the physical, services, and social interactions neighborhood environments 
while adequately controlling for potential confounders and examining the role of 
potential mediators. Although it is premature to formulate definite public health 
implications from our results, two recommendations can be made: 1) efforts to reduce 
hypertension in the population should incorporate policies to transform the physical, 
services, and social interactions neighborhood environments, and 2) strategies should 
be crafted so as to account for the complexity of neighborhood environments which are 
composed of a variety of factors that interact in complex ways to influence 
cardiovascular disease risk factors. Specifically, this study allowed us to identify 
neighborhood types that are associated with higher or lower BP. Based on this 
neighborhood profiling of risk, population-level interventions to reduce hypertension 
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Table 1. Characteristics of the physical, services, and social interactions neighborhood environments considered for the 
creation of a neighborhood typology 
 
Neighborhood characteristic Data Measurement approach 
Domain: Neighborhood physical environment  
Proportion of neighborhood area covered 
with buildings 
Three-dimensional data from IGN on buildings’ 
ground shapes and height in 2008 
GIS processing: surface within 500 m radius circular 
areas 
Mean height of buildings in the 
neighborhood 
Three-dimensional data from IGN on buildings’ 
ground shapes and height in 2008 
GIS processing: mean building height weighted by each 
building’s ground surface within 500 m radius circular 
areas
Density of three or more-way street 
intersections 
Data from IGN on street and road network in 2008  GIS processing: count of intersections with at least three 
ways within 500 m radius circular areas, per area unit 
(squared km) 
Average street block length Data from IGN on street and road network in 2008 GIS processing: average length of street network 
segments in m falling within 500 m radius circular areas 
Link:node ratio Data from IGN on street and road network in 2008 GIS processing: number of links (street segments) 
divided by the number of nodes (intersections) within 500 
m radius circular areas 
Route directness Data from IGN on street and road network in 2008 GIS processing: ratio of total length of street network 
segments falling within 500 m radius circular areas to 
total straight length of these segments
Highway nearby the residence Data from IGN on street and road network in 2008 GIS processing: presence of a highway within 250 m of 
the residence (yes/no) 
Road traffic-related pollution (concentration 
of nitrogen dioxide, µg/m3) 
Modeled data from AIRPARIF on annual 
concentrations of nitrogen dioxide in 2007-2008 
GIS processing: average concentration within 500 m 
radius circular areas 
Road traffic-related pollution (concentration 
of particulate matter, mg/m3) 
Modeled data from AIRPARIF on annual 
concentrations of particulate matter in 2007-2008 
GIS processing: average concentration within 500 m 
radius circular areas 
Air traffic exposure  Data on air traffic from ACNUSA in 2005 GIS processing: four category variable based on whether 
or not airplane traffic passes within 1000, 2000, or 3000 
m in altitude above the residence. 
Waste treatment facilities Geocoded waste treatment facilities in 2008, data 
obtained from IAU-IdF 
GIS processing: count of waste treatment facilities within 
500 m radius circular area (including incinerators, urban 
composts, water treatment plants, etc.) 
Surface of green spaces Linear and polygonal data from IAU-IdF on public 
parks and green spaces in 2008 
GIS processing: surface per squared km within 500 m 
radius circular areas 
Presence of lakes or waterways Polygonal data from IAU-IdF on land use in 2003 GIS processing: binary variable indicating the presence 




Neighborhood active living potential Three items from the RECORD questionnaire Three-level multilevel ordinal ecometric model (high 
score=low active living potential) 
Deterioration of the physical environment Four items from the RECORD questionnaire Three-level multilevel ordinal ecometric model (low 
scores=low deterioration) 
   
Domain: Neighborhood services environment  
Number of destinations Geocoded destinations from the 2008 Permanent 
Database of Facilities of Insee 
GIS processing: count of destinations (administrations, 
public/private shops, entertainment facilities, etc.) within 
500 m radius circular areas 
Presence of monuments Geocoded monuments in 2005 from IAU-IdF GIS processing: count of monuments and other enjoyable 
sites within 500 m radius circular areas 
Number of transportation lines Geocoded bus stops, subways, and train stations in 
2008 from STIF 
GIS processing: count of different transportation lines 
within 500 m radius circular areas 
Proportion of incoming and outgoing traffic 
by public transportation rather than by car 
Raw data from a road traffic model from DRE-IdF GIS processing: proportion of traffic by public 
transportation in the area 
Presence of a commercial center Geocoded commercial centers in 2008 from IAU-
IdF 
GIS processing: count of commercial centers within 500 
m radius circular areas 
Number of hypermarkets Geocoded hypermarkets in 2008 from the 
Permanent Database of Facilities of Insee 
GIS processing: count of hypermarkets within 500 m 
radius circular areas 
Number of supermarkets Geocoded supermarkets in 2008 from the 
Permanent Database of Facilities of Insee 
GIS processing: count of supermarkets within 500 m 
radius circular areas 
Number of grocery stores Geocoded grocery stores in 2008 from the 
Permanent Database of Facilities of Insee 
GIS processing: count of minimarkets and grocery stores 
within 500 m radius circular areas 
Number of shops and stands selling 
fruits/vegetables (including street markets) 
Geocoded fruit and vegetable shops in 2007 from 
the SIRENE database from Insee 
GIS processing: count of fruit and vegetable shops within 
500 m radius circular areas 
Proportion of fast food restaurants 
(compared to the total number of 
restaurants) 
Geocoded restaurants in 2007 from the SIRENE 
database from Insee 
GIS processing: ratio between count of fast food 
restaurants and total count of restaurants within 500 m 
radius circular areas 
Number of sports facilities Data from the Census of Sport Facilities in 2008 
from DRJSCS  
GIS processing: count of facilities within 500 m radius 
circular areas 
   
Domain: Neighborhood social interactions  
School violence near the residence School violence in 2005-2006 from the Ministry of 
Education 
Multilevel modeling and GIS processing of violent 
behaviors occurring in schools located near the residence 
Neighborhood social cohesion Four items from the RECORD questionnaire Three-level multilevel ordinal ecometric model (low 
scores=high cohesion) 




Neighborhood mistrust and hostility Five items from the RECORD questionnaire Three-level multilevel ordinal ecometric model (low 
scores=low mistrust and hostility) 
Stigmatized neighborhood identity Three items from the RECORD questionnaire Three-level multilevel ordinal ecometric model (low 
scores=low stigma) 
   
Domain: Neighborhood sociodemographic environment  
Indicator of neighborhood socioeconomic 
status based on the level of education 
Population Census of 2006 geocoded at the 
residential address by Insee 
Aggregation of individual data within 500 m radius 
circular areas: proportion of residents aged ≥ 15 years 
with university education 
Neighborhood population density Population Census of 2006 geocoded at the 
residential address by Insee 
Aggregation of population data within circular areas: 
number of inhabitants per km² 
 
Abbreviations: ACNUSA, Regulatory Body for Airport Nuisance; AIRPARIF, Air Quality in Paris Ile-de-France Region; DGI, General Directorate of 
Taxation; DRE-IdF, Regional Directorate of Equipment in Ile-de-France Region; DRJSCS, Regional Directorate for Youth, Sports and Social Cohesion; 
IAU-IdF, Institute of Urban Planning in Ile-de-France Region; GIS, Geographic Information System; IGN, National Geographic Institute; Insee, National 




Table 2. Description of neighborhood types in the RECORD Cohort Study 
 
 
Type 1: Suburban 
low social 
standing (n=501) 
Type 2: Suburban 
high social 
standing (n=1616)
Type 3: Urban 
low social 
standing (n=1098) 
Type 4: Urban high 
social standing 
(n=1978) 
Type 5: Central 
urban high social 
standing (n=844) 








 Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank   
Population density per km2* 8 075 2 6 057 1 13 442 3 16 270 4 34 258 5 36 543 6 <0.001 
Proportion of neighborhood area 
covered with buildings, % 15.3 1 16.1 2 25.6 3 27.5 4 42.1 5 46.8 6 <0.001 
Density of intersections per km2 166.5 4 117.7 1 139.5 2 167.9 5 150.9 3 184.0 6 <0.001 
Average street block length, m 67.9 3 79.0 6 73.6 5 67.9 2 73.1 4 65.5 1 <0.001 
Road traffic-related pollution 
(nitrogen dioxide, µg/m3) 25.1 1 28.2 2 40.3 3 41.5 4 46.1 5 51.2 6 <0.001 
Road traffic-related pollution 
(particulate matter, mg/m3) 25.9 1 27.6 2 30.0 3 30.1 4 30.9 5 31.9 6 <0.001 
Deterioration of the physical 
environment 0.43 4 -1.19 1 0.63 5 -0.73 2 0.17 3 0.99 6 <0.001 
Incoming and outgoing traffic by 
public transportation, % 34.2 1 42.4 2 48.2 3 54.3 4 69.8 6 68.3 5 <0.001 
Number of destinations 62.8 2 50.3 1 115.3 3 227.9 4 589.0 5 774.2 6 <0.001 
Number of supermarkets 0.47 2 0.46 1 1.16 3 1.51 4 5.15 5 5.24 6 <0.001 
Number of grocery stores 2.8 2 1.7 1 6.2 3 7.1 4 20.8 5 35.7 6 <0.001 
Proportion of residents with 
university education, %* 21.9 1 39.4 3 25.7 2 47.2 5 55.1 6 46.9 4 <0.001 
Neighborhood stressful social 
interactions 0.35 4 -0.74 1 0.54 5 -0.54 2 -0.12 3 0.63 6 <0.001 
Neighborhood mistrust and 
hostility 0.39 6 -0.22 3 0.38 5 -0.30 1 -0.25 2 0.08 4 <0.001 
Stigmatized neighborhood 
identity 0.73 6 -0.49 2 0.68 5 -0.54 1 -0.44 3 0.16 4 <0.001 
* Variables not used in cluster analysis to define neighborhood types  
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Age, years, mean (SD) 47.7 (11.3) 51.5 (11.1) 48.7 (11.3) 50.9 (11.7) 52.0 (12.4) 48.6 (11.8) <0.001*
Sex (men), % (n) 60.3 (302) 67.1 (1085) 65.9 (724) 66.2 (1310) 63.9 (539) 65.8 (706) 0.09 
Individual education, % (n)        
Low 17.1 (84) 6.7 (107) 13.7 (149) 5.2 (102) 3.9 (33) 6.9 (73) <0.001 
Middle-low 37.6 (185) 25.5 (408) 33.6 (366) 20.8 (409) 16.0 (134) 20.2 (215)  
Middle-high 26.8 (132) 32.4 (518) 30.8 (335) 29.2 (575) 25.2 (212) 29.3 (311)  
High 18.5 (91) 35.5 (568) 21.9 (238) 44.8 (882) 54.9 (461) 43.7 (464)  
Employment status, % (n)        
Employed 50.5 (253) 57.7 (933) 63.9 (702) 65.3 (1291) 64.5 (544) 62.3 (668)  
Unemployed 25.4 (127) 14.5 (235) 15.6 (171) 11.3 (224) 10.0 (84) 20.7 (222) <0.001 
Retired 12.2 (61) 19.5 (315) 16.3 (179) 18.6 (368) 21.7 (183) 14.4 (154)  
Financial strain, % (n) 30.7 (154) 14.8 (239) 24.8 (272) 12.2 (240) 9.4 (79) 17.5 (187) <0.001 
Owner of residence, % (n) 37.8 (189) 67.2 (1086) 40.7 (446) 59.2 (1171) 52.9 (446) 49.2 (526) <0.001 
Low Human Development Index of 
country of birth, % (n) 14.2 (71) 4.0 (65) 8.6 (94) 3.3 (65) 1.3 (11) 2.9 (31) <0.001 
SBP, mmHg, mean (SD) 128.5 (17.6) 129.0 (17.1) 129.7 (18.7) 127.7 (17.6) 128.2 (17.1) 125.1 (16.4) <0.001*
DBP, mmHg, mean (SD) 78.4 (10.9) 77.8 (10.6) 77.4 (10.8) 76.6 (10.7) 76.3 (10.1) 74.9 (10.4) <0.001*
Antihypertensive medication use, % (n) 16.2 (81) 14.1 (227) 10.8 (118) 12.9 (256) 13.4 (113) 9.0 (97) <0.001 
Family history of hypertension, % (n) 36.1 (181) 35.7 (577) 33.8 (371) 35.0 (693) 32.5 (274) 32.4 (348) 0.34 
Physically active, % (n) 45.5 (228) 43.0 (695) 46.5 (510) 41.3 (817) 42.5 (359) 48.9 (525) <0.001 
Alcohol consumption         
Never drinker 26.3 (131) 11.0 (177) 19.0 (208) 10.9 (215) 7.5 (63) 10.8 (115) <0.001 
Former drinker 9.8 (49) 5.2 (84) 7.5 (82) 3.7 (73) 4.5 (38) 5.5 (59)  
Light drinker 57.0 (284) 76.7 (1233) 66.2 (724) 77.5 (1529) 78.8 (662) 73.6 (787)  
Regular drinker 6.8 (34) 7.1 (114) 7.3 (80) 7.9 (156) 9.2 (77) 10.1 (108)  
Smoking status        
Never smoker 59.7 (299) 53.8 (869) 53.5 (587) 49.9 (986) 46.5 (392) 42.9 (460) <0.001 
Former smoker 21.2 (106) 29.2 (471) 22.7 (249) 29.0 (573) 32.7 (276) 28.2 (302)  
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Smoker 19.2 (96) 17.1 (276) 23.9 (262) 21.2 (419) 20.9 (176) 29.0 (311)  
Body mass index         
Normal weight 41.9 (210) 48.2 (779) 44.2 (485) 52.2 (1031) 53.1 (448) 56.2 (602) <0.001 
Overweight 36.3 (182) 39.6 (640) 39.7 (436) 37.1 (733) 37.0 (312) 34.2 (367)  
Obese 21.8 (109) 12.1 (196) 16.1 (177) 10.8 (213) 9.9 (83) 9.6 (103)  
Waist circumference         
Ideal 55.8 (276) 64.4 (1020) 64.8 (700) 69.4 (1342) 68.4 (555) 71.3 (748) <0.001 
High 21.6 (107) 22.1 (350) 21.7 (234) 20.3 (392) 21.3 (173) 19.0 (199)  
Very high 22.6 (112) 13.6 (215) 13.6 (147) 10.4 (201) 10.3 (84) 9.7 (102)  
Resting heart rate         
Low 28.4 (139) 39.4 (630) 35.7 (385) 41.4 (810) 43.6 (366) 42.3 (451) <0.001 
Medium 38.6 (189) 37.3 (597) 40.0 (432) 38.8 (758) 36.0 (302) 39.6 (422)  
High 33.1 (162) 23.3 (372) 24.3 (262) 19.8 (388) 20.4 (171) 18.1 (193)  
* p-value for Fisher’s F-test 
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Table 4. Beta coefficients and 95% confidence intervals for SBP in the RECORD 









  Beta 95% CI Beta 95% CI Beta 95% CI 
Neighborhood type (vs. Type 6: Central 
urban intermediate social standing)       
   Type 1: Suburban low social standing 1.87 (0.18; 3.56) 1.00 (-0.85; 2.85) 0.03 (-1.74; 1.79) 
   Type 2: Suburban high social standing 1.87 (0.65; 3.09) 1.57 (0.33; 2.82) 1.17 (-0.02; 2.36) 
   Type 3: Urban low social standing 3.05 (1.72; 4.38) 2.30 (0.81; 3.78) 2.11 (0.70; 3.52) 
   Type 4: Urban high social standing 1.07 (-0.09; 2.24) 1.06 (-0.10; 2.23) 0.90 (-0.21; 2.00) 
   Type 5: Central urban high social standing 1.32 (-0.09; 2.74) 1.60 (0.16; 3.03) 1.25 (-0.11; 2.62) 
Age (1-yr increase) 0.48 (0.44; 0.52) 0.49 (0.44; 0.53) 0.41 (0.37; 0.45) 
Male (vs female) 5.35 (4.56; 6.15) 5.35 (4.55; 6.14) 5.21 (4.41; 6.00) 
Individual education (vs high)       
Low 3.59 (2.08; 5.11) 3.26 (1.71; 4.80) 2.37 (0.88; 3.86) 
Middle-low 3.11 (2.11; 4.11) 2.82 (1.78; 3.89) 2.07 (1.08; 3.06) 
Middle-high 1.19 (0.27; 2.10) 1.04 (0.11; 1.96) 0.79 (-0.09; 1.67) 
Low Human Development Index of country 
of birth (vs medium or high) 4.84 (3.08; 6.60) 4.70 (2.94; 6.46) 4.04 (2.35; 5.72) 
Employment status (vs employed)       
Unemployed -2.12 (-3.18; -1.06) -2.14 (-3.20; -1.08) -1.95 (-2.97; -0.93) 
Retired 0.41 (-0.90; 1.72) 0.41 (-0.91; 1.72) 0.51 (-0.75; 1.77) 
Nonownership of residence (vs owner) 2.13 (1.31; 2.95) 2.07 (1.25; 2.89) 1.37 (0.58; 2.16) 
Antihypertensive medication use 8.58 (7.40; 9.77) 8.54 (7.35; 9.72) 6.48 (5.34; 7.63) 
Family history of hypertension 3.08 (2.30; 3.87) 3.06 (2.27; 3.84) 2.80 (2.05; 3.54) 
Percent residents with university education   -3.94 (-7.39; -0.49) -0.89 (-4.19; 2.41) 
Physically active     0.70 (-0.01; 1.40) 
Smoking (vs never smoker)       
Former smoker     -1.57 (-2.42; -0.72) 
Smoker     -1.85 (-2.79; -0.91) 
Alcohol consumption (vs never drinker)       
Former drinker     1.50 (-0.30; 3.29) 
Light drinker     2.98 (1.86; 4.10) 
Regular drinker     7.47 (5.82; 9.13) 
Waist circumference (vs ideal)       
High     1.18 (0.17; 2.19) 
Very high     2.30 (0.72; 3.87) 
Body mass index (vs normal)       
Overweight     3.59 (2.73; 4.46) 
Obese     8.06 (6.46; 9.67) 
Resting heart rate (vs low)       
Medium     3.79 (2.99; 4.58) 
High     8.34 (7.40; 9.29) 
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Table 5. Beta coefficients and 95% confidence intervals for DBP in the RECORD 









  Beta 95% CI Beta 95% CI Beta 95% CI 
Neighborhood type (vs. Type 6: Central 
urban intermediate social standing)       
   Type 1: Suburban low social standing 2.61 (1.54; 3.68) 2.04 (0.87; 3.22) 1.27 (0.18; 2.36) 
   Type 2: Suburban high social standing 1.93 (1.16; 2.71) 1.74 (0.95; 2.53) 1.41 (0.67; 2.15) 
   Type 3: Urban low social standing 1.72 (0.88; 2.57) 1.23 (0.29; 2.17) 1.06 (0.19; 1.94) 
   Type 4: Urban high social standing 1.03 (0.29; 1.77) 1.03 (0.29; 1.77) 0.86 (0.17; 1.54) 
   Type 5: Central urban high social standing 0.75 (-0.15; 1.65) 0.93 (0.02; 1.84) 0.66 (-0.19; 1.50) 
Age (1-yr increase) 0.26 (0.23; 0.29) 0.26 (0.24; 0.29) 0.22 (0.19; 0.25) 
Male (vs female) 4.34 (3.84; 4.85) 4.34 (3.83; 4.84) 4.14 (3.65; 4.63) 
Individual education (vs high)       
Low 1.81 (0.84; 2.78) 1.60 (0.61; 2.58) 0.97 (0.05; 1.89) 
Middle-low 1.58 (0.93; 2.22) 1.39 (0.73; 2.05) 0.91 (0.29; 1.53) 
Middle-high 0.72 (0.14; 1.30) 0.63 (0.04; 1.21) 0.37 (-0.18; 0.91) 
Low Human Development Index of country 
of birth (vs medium or high) 3.43 (2.30; 4.55) 3.34 (2.22; 4.47) 3.11 (2.07; 4.16) 
Employment status (vs employed)       
Unemployed -0.92 (-1.60; -0.24) -0.93 (-1.61; -0.24) -0.83 (-1.46; -0.19) 
Retired -3.23 (-4.07; -2.40) -3.24 (-4.07; -2.40) -2.94 (-3.71; -2.16) 
Nonownership of residence (vs owner) 0.82 (0.29; 1.35) 0.79 (0.26; 1.32) 0.30 (-0.20; 0.79) 
Financial strain 0.80 (0.11; 1.48) 0.76 (0.07; 1.44) 0.30 (-0.34; 0.94) 
Antihypertensive medication use 4.02 (3.27; 4.77) 3.99 (3.24; 4.74) 2.72 (2.01; 3.42) 
Family history of hypertension 1.74 (1.24; 2.24) 1.73 (1.23; 2.23) 1.50 (1.04; 1.96) 
Percent residents with university education   -2.59 (-4.78; -0.39) -0.40 (-2.44; 1.65) 
Physically active     0.16 (-0.27; 0.60) 
Smoking (vs never smoker)       
Former smoker     -0.19 (-0.72; 0.34) 
Smoker     -0.71 (-1.29; -0.13) 
Alcohol consumption (vs never drinker)       
Former drinker     0.76 (-0.35; 1.86) 
Light drinker     1.62 (0.93; 2.31) 
Regular drinker     4.83 (3.81; 5.85) 
Waist circumference (vs ideal)       
High     0.46 (-0.16; 1.09) 
Very high     0.95 (-0.03; 1.92) 
Body mass index (vs normal)       
Overweight     2.65 (2.12; 3.18) 
Obese     4.99 (3.99; 5.98) 
Resting heart rate (vs low)       
Medium     3.80 (3.31; 4.29) 
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Table S1. Beta coefficients and 95% confidence intervals for pulse pressure in the 









  Beta 95% CI Beta 95% CI Beta 95% CI 
Neighborhood type (vs. Type 6: Central 
urban intermediate social standing)       
   Type 1: Suburban low social standing -0.78 (-1.95; 0.38) -1.06 (-2.33; 0.22) -1.27 (-2.54; 0.005) 
   Type 2: Suburban high social standing -0.07 (-0.92; 0.77) -0.17 (-1.03; 0.70) -0.24 (-1.10; 0.61) 
   Type 3: Urban low social standing 1.31 (0.39; 2.22) 1.07 (0.04; 2.09) 1.04 (0.03; 2.06) 
   Type 4: Urban high social standing 0.05 (-0.75; 0.86) 0.05 (-0.76; 0.85) 0.05 (-0.75; 0.85) 
   Type 5: Central urban high social standing 0.60 (-0.38; 1.58) 0.68 (-0.31; 1.68) 0.59 (-0.39; 1.58) 
Age (1-yr increase) 0.22 (0.19; 0.25) 0.22 (0.19; 0.25) 0.19 (0.16; 0.22) 
Male (vs female) 1.05 (0.50; 1.59) 1.04 (0.50; 1.59) 1.08 (0.51; 1.65) 
Individual education (vs high)       
Low 1.66 (0.61; 2.71) 1.56 (0.49; 2.62) 1.35 (0.28; 2.43) 
Middle-low 1.46 (0.76; 2.15) 1.36 (0.65; 2.08) 1.14 (0.42; 1.86) 
Middle-high 0.42 (-0.21; 1.05) 0.38 (-0.26; 1.01) 0.41 (-0.23; 1.04) 
Low Human Development Index of country 
of birth (vs medium or high) 1.27 (0.06; 2.49) 1.23 (0.009; 2.44) 0.87 (-0.34; 2.08) 
Employment status (vs employed)       
Unemployed -1.34 (-2.07; -0.61) -1.34 (-2.08; -0.61) -1.17 (-1.90; -0.44) 
Retired 3.68 (2.77; 4.58) 3.67 (2.77; 4.58) 3.47 (2.56; 4.38) 
Nonownership of residence (vs owner) 1.19 (0.63; 1.76) 1.18 (0.61; 1.74) 1.04 (0.47; 1.61) 
Antihypertensive medication use 4.55 (3.73; 5.37) 4.53 (3.72; 5.35) 3.77 (2.94; 4.59) 
Family history of hypertension 1.33 (0.78; 1.87) 1.32 (0.78; 1.86) 1.29 (0.75; 1.82) 
Percent residents with university education   -1.24 (-3.63; 1.14) -0.48 (-2.86; 1.90) 
Physically active     0.52 (0.01; 1.03) 
Smoking (vs never smoker)       
Former smoker     -1.38 (-1.99; -0.77) 
Smoker     -1.17 (-1.85; -0.50) 
Alcohol consumption (vs never drinker)       
Former drinker     0.75 (-0.54; 2.04) 
Light drinker     1.38 (0.57; 2.18) 
Regular drinker     2.66 (1.47; 3.86) 
Waist circumference (vs ideal)       
High     0.71 (-0.01; 1.44) 
Very high     1.33 (0.19; 2.46) 
Body mass index (vs normal)       
Overweight     0.95 (0.32; 1.57) 
Obese     3.08 (1.92; 4.24) 
Resting heart rate (vs low)       









Appendix F. Assessment of spatial autocorrelation 
 
Table 1. Observed Moran’s I for neighbourhood-level measures for QUALITY study 
participants living in the Montreal Metropolitan Area (n=512) in 2005-2008 
 
Neighbourhood characteristics  Observed 
Moran’s I 
p-value 
Distance from residence to nearest supermarket 0.014 < 0.001 
Distance from residence to nearest fast food restaurant 0.018 < 0.001 
Distance from residence to nearest convenience store 0.021 < 0.001 
Density of supermarkets in 1 km network buffer centered on 
residence 
0.015 < 0.001 
Density of fast food restaurants in 1 km network buffer 
centered on residence 
0.015 < 0.001 
Density of convenience stores in 1 km network buffer 
centered on residence 
0.014 < 0.001 
Retail food environment index within 1 km network buffer 
centered on residence 
0.0030 < 0.001 
Retail food environment index within 3 km circular buffer 
centered on residence 
0.0021 < 0.001 
Distance from school to nearest supermarket* 0.013 < 0.001 
Distance from school to nearest fast food restaurant* 0.016 < 0.001 
Distance from school to nearest convenience store* 0.019 < 0.001 
Density of supermarkets in 1 km network buffer centered on 
school* 
0.014 < 0.001 
Density of fast food restaurants in 1 km network buffer 
centered on school* 
0.013 < 0.001 
Density of convenience stores in 1 km network buffer 
centered on school* 
0.014 < 0.001 
Retail food environment index within 1 km network buffer 
centered on school* 
-0.000070 < 0.001 
Retail food environment index within 3 km circular buffer 
centered on school* 
-0.00080 < 0.001 
Neighbourhood disadvantage in 500 m network buffer 
centered on residences 
0.0087 < 0.001 
Neighbourhood prestige in 500 m network buffer centered on 
residences 
0.0067 < 0.001 
Level of urbanicity in 500 m network buffer centered on 
residence 
0.010 < 0.001 
Traffic in 500 m network buffer centered on residence 0.014 < 0.001 
Social disorder in 500 m network buffer centered on 
residence 
0.0065 < 0.001 




Number of parks in 500 m network buffer centered on 
residence 
0.00053 < 0.001 
Presence of at least 1 fast food residence in 500 m network 
buffer centered on residence 
0.0057 < 0.001 
Presence of at least 1 convenience store in 500 m network 
buffer centered on residence 
0.0060 < 0.001 
* 296 schools within the Montreal Metropolitan Area 
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Appendix G. The importance of individual vs. 
neighbourhood variables to explain childhood obesity 
 
As discussed in Manuscript 3, previous analyses which have used multilevel 
analysis on individuals nested within neighbourhoods have reported more modest 
effects of neighbourhood environments on obesity in comparison to individual-level 
risk factors. Data from the QUALITY Residential Study are not structured 
hierarchically at the neighbourhood level (i.e., multiple participants nested within 
neighbourhoods). Instead, each participant has its neighbourhood identified using an 
ego-centered approach, that is by delimiting a geographical zone centered on each 
participant’s exact residential address. Because the data are not structured 
hierarchically at the neighbourhood level, the proportion of variance in the outcome 
explained by each level of predictors (i.e., individual and familial vs. neighbourhood) 
cannot be computed using multilevel analysis. 
 
The analytic method used in Manuscript 3, recursive partitioning analysis, does 
not allow one to estimate effect sizes or the proportion of variance explained by a 
given variable (or set of variables). Instead, this method seeks which predictor variable 
can best split the data into 2 groups that are most distinct in terms of the outcome (i.e., 
the ideal predictors would discriminate all obese from non-obese children). Yet, in the 
selection of variables used to build the tree, we note that individual and familial risk 
factors are selected as first splitting variables whereas neighbourhood characteristics 
are only selected in the final branches of the tree. The interpretation of this finding is 
that selected individual and familial characteristics are stronger predictors of childhood 
obesity in comparison to neighbourhood characteristics. 
 
To gain some insight on the effect size of each predictor (using standardised 
beta coefficients) and the proportion of variance explained by different sets of variables 
(R2 values), a multiple regression models can be estimated even though conclusions are 
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expected to be different from that of a recursive partitioning analysis, notably because 
the joint effect of multiple predictors is not estimated. 
 
In the table below, Model 1 includes only child characteristics, familial 
characteristics are added in Model 2 and neighbourhood characteristics are further 
added in Model 3. Results show that associations with child BMI percentile reach 
statistical significance only for selected individual and familial characteristics and the 
effect size is largest for the number of BMI defined obese parents. While the R2 
increases significantly from model 1 to 2, only a 0.3% increase in variance is noted 
from model 2 to 3, suggesting that most of the variance in childhood BMI is explained 
by familial and child characteristics. 
 
Although individual and familial risk factors are likely stronger predictors of 
childhood obesity, even small to modest effects of neighbourhood environments on 
obesity may be significant at the population level given that a large number of people 
may be exposed to small risks within their neighbourhood environment. Moreover, as 
discussed in Manuscript 3, neighbourhood environment features may on their own not 
be a strong predictors of obesity, however they may potentiate the effect of individual 
and familial risk factors of obesity. 
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Associations between childhood obesity (BMI percentile) and individual, familial, 
and neighbourhood characteristics among QUALITY study participants at 
baseline in 2005-2008 (variables in the same column are simultaneously 
introduced into the model). § 
 
 Standardized beta 






Child characteristics    
Child’s age at follow-up, years -0.068 -0.072 -0.075 
Sex, boys (vs girls) 0.15*** 0.16*** 0.16*** 
Puberty initiated at follow-up (vs not initiated) 0.15*** 0.15*** 0.16*** 
Meets physical activity guidelines -0.14*** -0.13*** -0.13*** 
Familial characteristics    
Number of parents with BMI ≥30kg/m2  0.26**** 0.25**** 
Number of parents with abdominal obesity  0.10* 0.11** 
Parental education (vs. ≥1 parent with 
university degree) 
 Reference Reference 
≥1 parent with technical/vocational/trade 
school degree 
 0.077* 0.076* 
2 parents with high school degree or less  0.087* 0.087* 
Neighborhood characteristics    
Neighborhood disadvantage (vs Low)   Reference 
Average   -0.028 
High   -0.047 
≥1 park within 500 m   -0.000064 
≥1 convenience store within 500 m   0.059 
§ 67 participants with missing accelerometer data excluded from analysis 
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